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COMPOUNDS FOR ENZYME INHIBITION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to U.S. application Ser. 
No. 13/736,605, filed Jan. 8, 2013, which claims priority to 
U.S. application Ser. No. 12/084,838, filed Aug. 7, 2008, 
which is a National Stage application under 35 U.S.C. S371 of 
International Application No. PCT/US2006/043503, having 
an International Filing Date of Nov. 9, 2006, which claims the 
benefit of U.S. Provisional Application Ser. No. 60/842,582, 
filed Sep. 5, 2006, and U.S. Provisional Application Ser. No. 
60/736,118, filed Nov. 9, 2005. The disclosures of the prior 
applications are considered part of (and are incorporated by 
reference in) the disclosure of this application. 

BACKGROUND OF THE INVENTION 

In eukaryotes, protein degradation is predominately medi 
ated through the ubiquitin pathway in which proteins targeted 
for destruction are ligated to the 76 amino acid polypeptide 
ubiquitin. Once targeted, ubiquitinated proteins then serve as 
Substrates for the 26S proteasome, a multicatalytic protease, 
which cleaves proteins into short peptides through the action 
of its three major proteolytic activities. While having a gen 
eral function in intracellular protein turnover, proteasome 
mediated degradation also plays a key role in many processes 
such as major histocompatibility complex (MHC) class I 
presentation, apoptosis, cell division, and NF-KB activation. 
The 20S proteasome is a 700 kDa cylindrical-shaped mul 

ticatalytic protease complex comprised of 28 subunits orga 
nized into four rings that plays important roles in cell growth 
regulation, major histocompatibility complex class I presen 
tation, apoptosis, antigen processing, NF-KB activation, and 
transduction of pro-inflammatory signals. In yeast and other 
eukaryotes, 7 different C. subunits form the outer rings and 7 
different B subunits comprise the inner rings. The C. subunits 
serve as binding sites for the 19S (PA700) and 11S (PA28) 
regulatory complexes, as well as a physical barrier for the 
inner proteolytic chamber formed by the two B subunit rings. 
Thus, in vivo, the proteasome is believed to exist as a 26S 
particle (“the 26S proteasome'). In vivo experiments have 
shown that inhibition of the 20S form of the proteasome can 
be readily correlated to inhibition of 26S proteasome. Cleav 
age of amino-terminal prosequences of B subunits during 
particle formation expose amino-terminal threonine residues, 
which serve as the catalytic nucleophiles. The subunits 
responsible for catalytic activity in proteasome thus possess 
an amino terminal nucleophilic residue, and these subunits 
belong to the family of N-terminal nucleophile (Ntn) hydro 
lases (where the nucleophilic N-terminal residue is, for 
example, Cys, Ser, Thr, and other nucleophilic moieties). This 
family includes, for example, penicillin G acylase (PGA), 
penicillin V acylase (PVA), glutamine PRPP amidotrans 
ferase (GAT), and bacterial glycosylasparaginase. In addition 
to the ubiquitously expressed B subunits, higher vertebrates 
also possess three y-interferon-inducible f subunits (LMP7, 
LMP2 and MECL1), which replace their normal counter 
parts, X, Y and Z respectively, thus altering the catalytic 
activities of the proteasome. Through the use of different 
peptide Substrates, three major proteolytic activities have 
been defined for the eukaryote 20S proteasome: chymot 
rypsin-like activity (CTL), which cleaves after large hydro 
phobic residues; trypsin-like activity (TL), which cleaves 
after basic residues; and peptidylglutamyl peptide hydrolyZ 
ing activity (PGPH), which cleaves after acidic residues. Two 
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additional less characterized activities have also been 
ascribed to the proteasome: BrAAP activity, which cleaves 
after branched-chain amino acids; and SNAAP activity, 
which cleaves after Small neutral amino acids. The major 
proteasome proteolytic activities appear to be contributed by 
different catalytic sites, since inhibitors, point mutations in B 
Subunits and the exchange ofY interferon-inducing B subunits 
alter these activities to various degrees. 

In recent years, the proteasome has become an appealing 
target for therapeutic intervention in cancer, immune and 
auto-immune disorders, inflammation, ischemic conditions, 
neurodegenerative disorders and other diseases. To date, the 
only FDA-approved proteasome inhibitor is bortezomib 
(VELCADETM), however, several other proteasome inhibi 
tors are currently being evaluated in clinical trials. Thus far, 
all these therapeutic proteasome inhibitors currently are 
administered via IV. Clinical application of proteasome 
inhibitors in the treatment of hematologic malignancies Such 
as myeloma and lymphoma is restricted in part by the neces 
sity of frequent IV administrations and would be improved by 
oral (PO) administration. However, due to the peptide nature 
of these molecules, systemic exposure following PO admin 
istration of these inhibitors is limited by several factors 
including gastric pH, gastric and intestinal peptidases, efflux 
pumps, biliary excretion and intestinal and hepatic metabolic 
activities. 
Methods used to overcome the ability of peptides to be 

enzymatically degraded and to improve absorption into the 
blood stream from the digestive tract have included making 
analogs which are less peptide-like in structure and which are 
reduced in size. Such methods are deemed to be successful 
when the peptide analog achieves satisfactory blood levels 
after oral administration, or in the case of proteasome inhibi 
tors, when the proteasome activity in blood is satisfactorily 
reduced. 
The above mentioned techniques have been applied to 

preparing analogs of the peptide epoxyketone proteasome 
inhibitors, thereby rendering them orally bioavailable. 

SUMMARY OF THE INVENTION 

The invention relates to classes of molecules known as 
peptide O'B'-epoxides and peptide O'B'-aziridines. The par 
ent molecules are understood to bind efficiently, irreversibly 
and selectively to N-terminal nucleophile (Ntn) hydrolases, 
and can specifically inhibit particular activities of enzymes 
having multiple catalytic activity. 
Once thought merely to dispose of denatured and mis 

folded proteins, the proteasome is now recognized as consti 
tuting proteolytic machinery that regulates the levels of 
diverse intracellular proteins through their degradation in a 
signal-dependent manner. Hence, there is great interest in 
identifying reagents that can specifically perturb the activities 
of the proteasome and other Ntn hydrolases and thereby be 
used as probes to study the role of these enzymes in biological 
processes. Compounds that target the Ntn hydrolases are 
herein described, synthesized, and investigated. Peptide 
epoxides and peptide aziridines that can potently, selectively, 
and irreversibly inhibit particular proteasome activities are 
disclosed and claimed. 

Unlike several other peptide-based inhibitors, the peptide 
epoxides and peptide aziridines described herein are not 
expected to Substantially inhibit non-proteasomal proteases 
Such as trypsin, chymotrypsin, cathepsin B, papain, and 
calpain at concentrations up to 50 M. At higher concentra 
tions, inhibition may be observed, but would be expected to 
be competitive and not irreversible, if the inhibitor merely 
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competes with the substrate. The novel peptide epoxides and 
peptide aziridines are also expected to inhibit NF-kB activa 
tion and to stabilize p53 levels in cell culture. Moreover, these 
compounds would be expected to have anti-inflammatory 
activity. Thus, these compounds can be unique molecular 
probes, which have the versatility to explore Ntn enzyme 
function in normal biological and pathological processes. 

In one aspect, the invention provides inhibitors comprising 
a heteroatom-containing three-membered ring. These inhibi 
tors can inhibit catalytic activity of N-terminal nucleophile 
hydrolase enzymes (for example, the 20S proteasome, or the 
26S proteasome) when said inhibitor is present at concentra 
tions below about 50 uM. Regarding the 20S proteasome, 
particular hydrolase inhibitors inhibit chymotrypsin-like 
activity of the 20S proteasome when the inhibitor is present at 
concentrations below about 5 uM, and does not inhibit 
trypsin-like activity or PGPH activity of the 20S proteasome 
when present at concentrations below about 5uM. The hydro 
lase inhibitor may be, for example, a peptide C.'.f3'-epoxy 
ketone or O'B'-aziridine ketone, and the peptide may be a 
tetrapeptide. The peptide may include branched or 
unbranched side chains such as hydrogen, Calkyl, Chy 
droxyalkyl, Calkoxyalkyl, aryl, Caralkyl, Calkyla 
mide, Calkylamine, C-carboxylic acid, C-carboxyl 
ester, Calkylthiol, or Calkylthioether, for example 
isobutyl, 1-naphthyl, phenylmethyl, and 2-phenylethyl. The 
O'-carbon of the O'B'-epoxy ketone or O'B'-aziridine ketone 
may be a chiral carbon atom, Such as an (R) or B configured 
carbon, as these are defined herein. 

In another aspect, the invention provides pharmaceutical 
compositions, including a pharmaceutically acceptable car 
rier and a pharmaceutically effective amount of the hydrolase 
inhibitor, which ameliorates the effects of neurodegenerative 
disease (such as Alzheimer's disease), muscle-wasting dis 
eases, cancer, chronic infectious diseases, fever, muscle dis 
use, denervation, nerve injury, fasting, and immune-related 
conditions, among others. 

In another aspect, the invention provides compounds and 
pharmaceutical compositions that are orally bioavailable. 

In another aspect, the invention provides anti-inflamma 
tory compositions. 

In another aspect, the invention provides methods for the 
following: inhibiting or reducing HIV infection in a subject; 
affecting the level of viral gene expression in a Subject; alter 
ing the variety of antigenic peptides produced by the protea 
Some in an organism; determining whether a cellular, devel 
opmental, or physiological process or output in an organism 
is regulated by the proteolytic activity of a particular Ntn 
hydrolase; treating Alzheimer's disease in a Subject; reducing 
the rate of muscle protein degradation in a cell; reducing the 
rate of intracellular protein degradation in a cell; reducing the 
rate of p53 protein degradation in a cell; inhibiting the growth 
of p53-related cancers in a Subject; inhibiting antigen presen 
tation in a cell; Suppressing the immune system of a Subject; 
inhibiting IKB-C. degradation in an organism; reducing the 
content of NF-KB in a cell, muscle, organ or subject; affecting 
cyclin-dependent eukaryotic cell cycles; treating proliferative 
disease in a Subject; affecting proteasome-dependent regula 
tion of oncoproteins in a cell; treating cancer growth in a 
Subject; treating p53-related apoptosis in a Subject; and 
screening proteins processed by N-terminal nucleophile 
hydrolases in a cell. Each of these methods involves admin 
istering or contacting an effective amount of a composition 
comprising the hydrolase inhibitors disclosed herein, to a 
Subject, a cell, a tissue, an organ, or an organism. 
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4 
Other features and advantages of the invention will be 

apparent from the following detailed description, and from 
the claims. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention involves compounds useful as enzyme 
inhibitors. These compounds are generally useful to inhibit 
enzymes having a nucleophilic group at the N-terminus. For 
example, activities of enzymes or enzyme subunits having 
N-terminal amino acids with nucleophiles in their side chains, 
Such as threonine, serine, or cysteine can be successfully 
inhibited by the enzyme inhibitors described herein. Activi 
ties of enzymes or enzyme subunits having non-amino acid 
nucleophilic groups at their N-termini. Such as, for example, 
protecting groups or carbohydrates, can also be successfully 
inhibited by the enzyme inhibitors described herein. 

While not bound by any particular theory of operation, it is 
believed that such N-terminal nucleophiles of Ntnform cova 
lent adducts with the epoxide functional group of the enzyme 
inhibitors described herein. For example, in the B5/Pre2 sub 
unit of 20S proteasome, the N-terminal threonine is believed 
to irreversibly form a morpholino or piperazino adduct upon 
reaction with a peptide epoxide or aziridine Such as those 
described below. Such adduct formation would involve ring 
opening cleavage of the epoxide or aziridine. 

In embodiments including Such groups bonded to C. car 
bons, the stereochemistry of the C.'-carbon (that carbon form 
ing a part of the epoxide or aziridine ring) can be (R) or (S). 
The invention is based, in part, on the structure-function 
information disclosed herein, which suggests the following 
preferred stereochemical relationships. Note that a preferred 
compound may have a number of stereocenters having the 
indicated up-down (or B-C, where f3 as drawn herein is above 
the plane of the page) or (R)-(S) relationship (that is, it is not 
required that every stereocenter in the compound conform to 
the preferences stated). In some preferred embodiments, the 
stereochemistry of the O'carbon is (R), that is, the X atom is 
B, or above the plane of the molecule. 
Regarding the Stereochemistry, the Cahn-Ingold-Prelog 

rules for determining absolute stereochemistry are followed. 
These rules are described, for example, in Organic Chemis 
try, Fox and Whitesell; Jones and Bartlett Publishers, Boston, 
Mass. (1994); Section 5-6, pp 177-178, which section is 
hereby incorporated by reference. Peptides can have a repeat 
ing backbone structure with side chains extending from the 
backbone units. Generally, each backbone unit has a side 
chain associated with it, although in some cases, the side 
chain is a hydrogen atom. In other embodiments, not every 
backbone unit has an associated side chain. Peptides useful in 
peptide epoxides or peptide aziridines have two or more back 
bone units. In some embodiments useful for inhibiting chy 
motrypsin-like (CTL) activity of the proteasome, between 
two and four backbone units are present, and in some pre 
ferred embodiments for CT-L inhibition, three backbone 
units are present. 
The side chains extending from the backbone units can 

include natural aliphatic or aromatic amino acid side chains, 
Such as hydrogen (glycine), methyl (alanine), isopropyl (va 
line), sec-butyl (isoleucine), isobutyl (leucine), phenylmethyl 
(phenylalanine), and the side chain constituting the amino 
acid proline. The side chains can also be other branched or 
unbranched aliphatic or aromatic groups such as ethyl, n-pro 
pyl. n-butyl, t-butyl, and aryl substituted derivatives such as 
1-phenylethyl 2-phenylethyl, (1-naphthyl)methyl. (2-naph 
thyl)methyl, 1-(1-naphthyl)ethyl, 1-(2-naphthyl)ethyl, 2-(1- 
naphthyl)ethyl 2-(2-naphthyl)ethyl, and similar compounds. 
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The aryl groups can be further substituted with branched or 
unbranched Calkyl groups, or substituted alkyl groups, 
acetyl and the like, or further aryl groups, or Substituted aryl 
groups, such as benzoyl and the like. Heteroaryland hetero 
cyclyl groups can also be used as side chain Substituents. 
Heteroaryl groups include nitrogen-, oxygen-, and Sulfur 
containing aryl groups such as thienyl, benzothienyl, naph 
thothienyl, thianthrenyl, furyl, pyranyl, isobenzofuranyl. 
chromenyl, pyrrolyl, imidazolyl, pyrazolyl pyridyl, pyrazi 
nyl, indolyl, purinyl, quinolyl, and the like. Heterocyclyl 
groups include tetrahydrofuran, piperidine, piperazine, pyr 
rolidine, morpholine, lactones, lactams, and the like. 

In some embodiments, polar or charged residues can be 
introduced into the peptide epoxides or peptide aziridines. 
For example, naturally occurring amino acids such as 
hydroxy-containing (Thr, Tyr, Ser) or Sulfur-containing (Met, 
CyS) can be introduced, as well as non-essential amino acids, 
for example, taurine, carnitine, citrulline, cystine, ornithine, 
norleucine and others. Non-naturally occurring side chain 
Substituents with charged or polar moieties can also be 
included, such as, for example, Calkyl chains or Caryl 
groups with one or more hydroxy, short chain alkoxy, Sulfide, 
thio, carboxyl, ester, phospho, amido or amino groups, or 
Such substituents Substituted with one or more halogenatoms. 
In some preferred embodiments, there is at least one aryl 
group present in a side chain of the peptide moiety. 

In some embodiments, the backbone units are amide units 
NH CHR C(=O)—, in which R is the side chain. 

Such a designation does not exclude the naturally occurring 
amino acid proline, or other non-naturally occurring cyclic 
secondary amino acids, which will be recognized by those of 
skill in the art. 

In other embodiments, the backbone units are N-alkylated 
amide units (for example, N-methyl and the like), olefinic 
analogs (in which one or more amide bonds are replaced by 
olefinic bonds), tetrazole analogs (in which a tetrazole ring 
imposes a cis-configuration on the backbone), or combina 
tions of such backbone linkages. In still other embodiments, 
the amino acid C-carbon is modified by C.-alkyl Substitution, 
for example, aminoisobutyric acid. In some further embodi 
ments, side chains are locally modified, for example, by A or 
A? dehydro modification, in which a double bond is present 
between the C. and B atoms of the side chain, or for example 
by A or A, cyclopropyl modification, in which a cyclopropyl 
group is present between the C. and B atoms of the side chain. 
In still further embodiments employing amino acid groups, 
D-amino acids can be used. Further embodiments can include 
side chain-to-backbone cyclization, disulfide bond forma 
tion, lactam formation, azo linkage, and other modifications 
discussed in “Peptides and Mimics, Design of Conformation 
ally Constrained by Hruby and Boteu, in “Molecular Biol 
ogy and Biotechnology: A Comprehensive Desk Reference'. 
ed. Robert A. Meyers, VCH Publishers (1995), pp. 658-664, 
which is hereby incorporated by reference. 
One aspect of the invention relates to compounds having a 

structure of formula (I) or a pharmaceutically acceptable salt 
thereof: 

(I) 
RI R6 O R3 
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6 
wherein 
L is selected from C=O, C=S, and SO, preferably 

C—O; 
X is selected from O, S, NH, and N C-alkyl; 
Z is absent, Calkyl, or Calkoxy, preferably absent: 
R", R, and Rare eachindependently selected from hydro 

gen, C-alkyl, Coalkenyl, C-alkynyl, Chydroxyalkyl, 
Calkoxyalkyl, aryl, Caralkyl, heteroaryl, heterocyclyl, 
Cheterocycloalkyl, Cheteroaralkyl, carbocyclyl, and 
C-carbocyclolalkyl; 
R" is selected from hydrogen, Caralkyl, and C-alkyl; 
R is heteroaryl; and 
R and R are independently selected from hydrogen, 

Calkyl, and Caralkyl. 
In certain embodiments, R', R, and Rare independently 

selected from hydrogen, Calkyl, Chydroxyalkyl, 
Calkoxyalkyl, Caralkyl, Cheterocycloalkyl, Chet 
eroaralkyl, and C-carbocyclolalkyl. In certain embodi 
ments, any of R', R, and R are independently Calkyl 
selected from methyl, ethyl, propyl, isopropyl, butyl, sec 
butyl, and isobutyl. In certain embodiments, any of R', R, 
and R are independently Chydroxyalkyl. In certain pre 
ferred such embodiments, any of R', R, and Rare indepen 
dently selected from hydroxymethyl and hydroxyethyl, pref 
erably hydroxymethyl. In certain embodiments, any of R', 
R, and Rare independently Calkoxyalkyl. In certain such 
embodiments, any of R', R, and R are independently 
selected from methoxymethyl and methoxyethyl, preferably 
methoxymethyl. In certain embodiments, any of R', R, and 
R are independently Cheteroaralkyl. In certain such 
embodiments, any of R', R, and R are independently 
selected from imidazolylmethyl, pyrazolylmethyl, and thia 
Zolylmethyl, and pyridylmethyl, preferably imidazol-4-ylm 
ethyl, thiazol-4-ylmethyl 2-pyridylmethyl 3-pyridylmethyl, 
or 4-pyridylmethyl. In certain embodiments, any of R', R, 
and Rare independently Caralkyl. In certain such embodi 
ments, any of R', R, and Rare independently selected from 
phenylmethyl (benzyl) and phenylethyl, preferably phenyl 
methyl. In certain embodiments, any of R', R, and R are 
independently C-carbocycloalkyl. In certain Such embodi 
ments R' is cyclohexylmethyl. In certain embodiments R', 
R, and Rare all different. In certain embodiments, any two 
of R', R, and Rare the same. In certain embodiments, R', 
R, and Rare all the same. 

In certain embodiments, at least one of R' and R is 
selected from Chydroxyalkyl and Calkoxyalkyl. In cer 
tain such embodiments, at least one of R' and R is alkoxy 
alkyl. In certain such embodiments, at least one of R' and R' 
is selected from methoxymethyl and methoxyethyl. 

In certain embodiments, R is selected from Calkyl and 
Caralkyl, preferably Calkyl. In certain such embodi 
ments, R is selected from methyl, ethyl, isopropyl, sec-butyl, 
and isobutyl. In certain such embodiments R is isobutyl. In 
certain alternative embodiments, R is selected from phenyl 
methyl and phenylethyl, preferably phenylmethyl. 

In certain embodiments, R. R. and Rare independently 
selected from hydrogen and methyl, preferably hydrogen. 

In certain embodiments, R is a 5- or 6-membered het 
eroaryl. In certain such embodiments, R is selected from 
isoxazole, isothiazole, furan, thiophene, oxazole, thiazole, 
pyrazole, or imidazole, preferably isoxazole, furan, or thiaz 
ole. 

In certain embodiments, R is a bicyclic heteroaryl. In 
certain such embodiments bicyclic heteroaryl is selected 
from benzisoxazole, benzoxazole, benzothiazole, ben 
Zisothiazole. 



US 9,205,126 B2 
7 

In certain embodiments, L is C=O, Z is absent, and R is 
an isoxazol-3-yl or isoxazol-5-yl. In certain preferred such 
embodiments, when the isoxazol-3-yl is substituted, it is sub 
stituted at least at the 5-position. In certain preferred embodi 
ments, when the isoxazol-5-yl is substituted, it is substituted 
at least at the 3-position. 

In certain embodiments, L is C=O, Z is absent, and R is 
an unsubstituted isoxazol-3-yl. 

In certain embodiments, L is C=O, Z is absent, and R is 
a substituted isoxazol-3-yl. In certain such embodiments, R 
is isoxazol-3-yl substituted with a substituent selected from 
Coalkyl, Calkoxy, Cigalkoxyalkyl, C-hydroxyalkyl, 
carboxylic acid, aminocarboxylate, Calkylaminocarboxy 
late, (Calkyl)-aminocarboxylate, Calkylcarboxylate, 
Cheteroaralkyl, Caralkyl, Cheterocycloalkyl, and 
C-carbocycloalkyl. In certain preferred Such embodiments 
R is isoxazole-3-yl substituted with a substituent selected 
from methyl, ethyl, isopropyl, and cyclopropylmethyl. 

In certain embodiments L is C=O, Z is absent, and R is 
isoxazol-3-yl substituted with a 4- to 6-membered nitrogen 
containing Cheterocycloalkyl. In certain Such embodi 
ments, R is isoxazol-3-yl substituted with azetidinylmethyl, 
preferably azetidin-1-ylmethyl. In certain alternative such 
embodiments, L is C=O, Z is absent, and R is isoxazol-3-yl 
substituted with 

wherein W is O, NR, or CH, and R is H or Calkyl. In 
certain such embodiments, W is O. 

In certain embodiments, L is C=O, Z is absent, and R is 
isoxazol-3-yl substituted with 5-membered nitrogen-contain 
ing Cheteroaralkyl, Such as pyrazolylmethyl, imidazolyl 
methyl, triazol-5-ylmethyl, preferably 1,2,4-triazol-5-ylm 
ethyl. 

In certain embodiments, L is C=O, Z is absent, and R is 
isoxazol-3-yl Substituted with Calkoxy or Calkoxy 
alkyl, preferably methoxy, ethoxy, methoxymethyl, or meth 
oxyethyl. 

In certain embodiments, L is C=O, Z is absent, and R is 
isoxazol-3-yl substituted with Chydroxyalkyl, preferably 
hydroxymethyl or hydroxyethyl. 

In certain embodiments, L is C=O, Z is absent, and R is 
isoxazol-3-yl Substituted with a carboxylic acid, aminocar 
boxylate, Calkylaminocarboxylate, (Calkyl)-ami 
nocarboxylate, or Calkylcarboxylate. In certain Such 
embodiments, R is substituted with methyl carboxylate or 
ethyl carboxylate, preferably methyl carboxylate. 

In certain embodiments, L is C=O, Z is absent, and R is 
an unsubstituted isoxazol-5-yl. 

In certain embodiments, L is C=O, Z is absent, and R is 
a substituted isoxazol-5-yl. In certain such embodiments, R 
is isoxazol-5-yl substituted with a substituent selected from 
Coalkyl, Calkoxy, Cigalkoxyalkyl, C-hydroxyalkyl, 
carboxylic acid, aminocarboxylate, Calkylaminocarboxy 
late, (Calkyl)-aminocarboxylate, Calkylcarboxylate, 
Cheteroaralkyl, Caralkyl, Cheterocycloalkyl, and 
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8 
C-carbocycloalkyl In certain preferred Such embodiments 
R is isoxazole-3-yl substituted with a substituent selected 
from methyl, ethyl, isopropyl, and cyclopropylmethyl. 

In certain embodiments L is C=O, Z is absent, and R is 
isoxazol-3-yl substituted with a 4- to 6-membered nitrogen 
containing Cheterocycloalkyl. In certain such embodi 
ments, R is isoxazol-5-yl substituted with azetidinylmethyl, 
preferably azetidin-1-ylmethyl. In certain alternative such 
embodiments, L is C=O, Z is absent, and R is isoxazol-3-yl 
substituted with 

wherein W is O, NR, or CH, and R is H or Calkyl. In 
certain such embodiments, W is O. 

In certain embodiments, L is C=O, Z is absent, and R is 
isoxazol-5-yl substituted with 5-membered nitrogen-contain 
ing Cheteroaralkyl, such as pyrazolylmethyl, imidazolyl 
methyl, triazol-5-ylmethyl, preferably 1,2,4-triazol-5-ylm 
ethyl. 

In certain embodiments, L is C=O, Z is absent, and R is 
isoxazol-5-yl Substituted with Calkoxy or Calkoxy 
alkyl, preferably methoxy, ethoxy, methoxymethyl, or meth 
oxyethyl. 

In certain embodiments, L is C=O, Z is absent, and R is 
isoxazol-5-yl substituted with Chydroxyalkyl, preferably 
hydroxymethyl or hydroxyethyl. 

In certain embodiments, L is C=O, Z is absent, and R is 
isoxazol-3-yl Substituted with a carboxylic acid, aminocar 
boxylate, Calkylaminocarboxylate, (Calkyl)-ami 
nocarboxylate, or Calkylcarboxylate. In certain such 
embodiments, R is substituted with methyl carboxylate or 
ethyl carboxylate, preferably methyl carboxylate. 

In certain embodiments, a compound of formula I is 
selected from 
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One aspect of the invention relates to a medical device 
including composition disclosed herein that include an 
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inhibitor having a structure of formula I. In one embodiment, 
the composition is incorporated within a medical device. In 
certain embodiments, the medical device is a gel comprising 
a polymer matrix or ceramic matrix and an inhibitor. Said 
polymer can be either naturally occurring or synthetic. In 
another embodiment, said gel serves as a drug depot, an 
adhesive, a Suture, a barrier or a sealant. 

Another aspect of the invention relates to a medical device 
comprising a Substrate having a surface onto which an inhibi 
tor having a structure of formula I is disposed. In one embodi 
ment, the inhibitor is directly disposed on a medical device. 

In another embodiment, a coating is so disposed, the coat 
ing comprising a polymer matrix or ceramic matrix with an 
inhibitor having a structure of formula I dispersed or dis 
solved therein. 

In one embodiment, the medical device is a coronary, vas 
cular, peripheral, or biliary stent. More particularly, the stent 
of the present invention is an expandable stent. When coated 
with a matrix containing an inhibitor having a structure for 
mula I, the matrix is flexible to accommodate compressed and 
expanded states of Such an expandable stent. In another 
embodiment of this invention, the stent has at least a portion 
which is insertable or implantable into the body of a patient, 
wherein the portion has a surface which is adapted for expo 
sure to body tissue and wherein at least a part of the surface is 
coated with an inhibitor having a structure of formula I, or a 
coating comprising a matrix having an inhibitor having a 
structure of formula I is dispersed or dissolved therein. An 
example of a suitable stent is disclosed in U.S. Pat. No. 
4,733,665, which is incorporated herein by reference in its 
entirety. 

In another embodiment, the medical device of the present 
invention is a Surgical implement Such as a vascular implant, 
an intraluminal device, Surgical sealant or a vascular Support. 
More particularly, the medical device of the present invention 
is a catheter, an implantable vascular access port, a central 
venous catheter, an arterial catheter, a vascular graft, an 
intraaortic balloon pump, a Suture, a Ventricular assist pump, 
a drug-eluting barrier, an adhesive, a vascular wrap, an extra/ 
perivascular support, a blood filter, or a filter adapted for 
deployment in a blood vessel, coated with an inhibitor having 
a structure of formula I either directly or by a matrix contain 
ing an inhibitor having a structure of formula I. 

In certain embodiments, the intraluminal medical device is 
coated with an inhibitor having a structure of formula I or a 
coating comprising biologically tolerated matrix and an 
inhibitor having a structure of formula I dispersed in the 
polymer, said device having an interior Surface and an exte 
rior Surface, having the coating applied to at least apart of the 
interior surface, the exterior surface, or both. 

In certain embodiments, the medical device may be useful 
to prevent restenosis after angioplasty. The medical device 
may also be useful for the treatment of various diseases and 
conditions by providing localized administration of an inhibi 
tor having a structure of formula I. Such diseases and condi 
tions include restenosis, inflammation, rheumatoid arthritis, 
tissue injury due to inflammation, hyperproliferative dis 
eases, severe or arthritic psoriasis, muscle-wasting diseases, 
chronic infectious diseases, abnormal immune response, con 
ditions involving Vulnerable plaques, injuries related to 
ischemic conditions, and viral infection and proliferation. 
Examples of diseases and conditions that are subject to a 
treatment including the drug coated medical devices of the 
present invention include atherosclerosis, acute coronary 
syndrome, Alzheimer's disease, cancer, fever, muscle disuse 
(atrophy), denervation, vascular occlusions, stroke, HIV 
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22 
infection, nerve injury, renal failure associated with acidosis, 
and hepatic failure. See, e.g., Goldberg, U.S. Pat. No. 5,340, 
736. 

The term "Calkyl” refers to substituted or unsubstituted 
saturated hydrocarbon groups, including straight-chain alkyl 
and branched-chain alkyl groups that contain from X to y 
carbons in the chain, including haloalkyl groups such as tri 
fluoromethyl and 2.2.2-trifluoroethyl, etc. Coalkyl indicates a 
hydrogen where the group is in a terminal position, a bond if 
internal. The terms “Calkenyl" and “Calkynyl" refer to 
Substituted or unsubstituted unsaturated aliphatic groups 
analogous in length and possible Substitution to the alkyls 
described above, but that contain at least one double or triple 
bond respectively. 
The term “alkoxy' refers to an alkyl group having an oxy 

gen attached thereto. Representative alkoxy groups include 
methoxy, ethoxy, propoxy, tert-butoxy and the like. An 
“ether is two hydrocarbons covalently linked by an oxygen. 
Accordingly, the substituent of an alkyl that renders that alkyl 
an ether is or resembles an alkoxy. 
The term "Calkoxyalkyl refers to a C-alkyl group 

Substituted with an alkoxy group, thereby forming an ether. 
The term "Caralkyl, as used herein, refers to a Calkyl 

group Substituted with an aryl group. 
The terms “amine' and “amino” are art-recognized and 

refer to both unsubstituted and substituted amines and salts 
thereof, e.g., a moiety that can be represented by the general 
formulae: 

R9 R9 
M 

-N -N'-R10 
V O 
R O R10 

wherein R. R'' and R' each independently represent a 
hydrogen, an alkyl, analkenyl, -(CH), R, or RandR' 
taken together with the Natom to which they are attached 
complete a heterocycle having from 4 to 8 atoms in the ring 
structure; R represents an aryl, a cycloalkyl, a cycloalkenyl, 
a heterocyclyl or a polycyclyl; and m is Zero or an integer 
from 1 to 8. In preferred embodiments, only one of R or R' 
can be a carbonyl, e.g., R. R', and the nitrogen together do 
not form an imide. In even more preferred embodiments, R 
and R' (and optionally R') each independently represent a 
hydrogen, an alkyl, an alkenyl, or -(CH2), R. In certain 
embodiments, the amino group is basic, meaning the proto 
nated form has a pKa7.00. 
The terms "amide' and "amido” are art-recognized as an 

amino-Substituted carbonyl and includes a moiety that can be 
represented by the general formula: 

wherein R. R'' are as defined above. Preferred embodiments 
of the amide will not include imides which may be unstable. 
The term “aryl as used herein includes 5-, 6-, and 7-mem 

bered Substituted or unsubstituted single-ring aromatic 
groups in which each atom of the ring is carbon. The term 
“aryl also includes polycyclic ring systems having two or 
more cyclic rings in which two or more carbons are common 
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to two adjoining rings wherein at least one of the rings is 
aromatic, e.g., the other cyclic rings can be cycloalkyls, 
cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or het 
erocyclyls. Aryl groups include benzene, naphthalene, 
phenanthrene, phenol, aniline, and the like. 
The terms “carbocycle' and “carbocyclyl', as used herein, 

refer to a non-aromatic Substituted or unsubstituted ring in 
which each atom of the ring is carbon. The terms “car 
bocycle” and “carbocyclyl also include polycyclic ring sys 
tems having two or more cyclic rings in which two or more 
carbons are common to two adjoining rings wherein at least 
one of the rings is carbocyclic, e.g., the other cyclic rings can 
be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls, heteroar 
yls, and/or heterocyclyls. 

The term "carbonyl is art-recognized and includes such 
moieties as can be represented by the general formula: 

wherein X is a bond or represents an oxygen or a Sulfur, and 
R'' represents a hydrogen, an alkyl, an alkenyl, -(CH2), 
R or a pharmaceutically acceptable salt, R' represents a 
hydrogen, an alkyl, an alkenyl or -(CH2), R, where m 
and Rare as defined above. Where X is an oxygen and R' or 
R'' is not hydrogen, the formula represents an “ester”. Where 
X is an oxygen, and R'' is a hydrogen, the formula represents 
a “carboxylic acid. 
As used herein, "enzyme” can be any partially or wholly 

proteinaceous molecule which carries out a chemical reaction 
in a catalytic manner. Such enzymes can be native enzymes, 
fusion enzymes, proenzymes, apoenzymes, denatured 
enzymes, farnesylated enzymes, ubiquitinated enzymes, fatty 
acylated enzymes, gerangeranylated enzymes, GPI-linked 
enzymes, lipid-linked enzymes, prenylated enzymes, natu 
rally-occurring or artificially-generated mutant enzymes, 
enzymes with side chain orbackbone modifications, enzymes 
having leader sequences, and enzymes complexed with non 
proteinaceous material. Such as proteoglycans, proteolipo 
Somes. Enzymes can be made by any means, including natu 
ral expression, promoted expression, cloning, various 
Solution-based and Solid-based peptide syntheses, and similar 
methods known to those of skill in the art. 
The term "Cheteroaralkyl', as used herein, refers to a 

Calkyl group Substituted with a heteroaryl group. 
The terms "heteroaryl' includes substituted or unsubsti 

tuted aromatic 5- to 7-membered ring structures, more pref 
erably 5- to 6-membered rings, whose ring structures include 
one to four heteroatoms. The term "heteroaryl also includes 
polycyclic ring systems having two or more cyclic rings in 
which two or more carbons are common to two adjoining 
rings wherein at least one of the rings is heteroaromatic, e.g., 
the other cyclic rings can be cycloalkyls, cycloalkenyls, 
cycloalkynyls, aryls, heteroaryls, and/or heterocyclyls. Het 
eroaryl groups include, for example, pyrrole, furan, 
thiophene, imidazole, isoxazole, oxazole, thiazole, triazole, 
pyrazole, pyridine, pyrazine, pyridazine and pyrimidine, and 
the like. 

The term "heteroatom' as used herein means an atom of 
any element other than carbon or hydrogen. Preferred het 
eroatoms are nitrogen, oxygen, phosphorus, and Sulfur. 
The terms "heterocyclyl or "heterocyclic group' refer to 

substituted or unsubstituted non-aromatic 3- to 10-membered 
ring structures, more preferably 3- to 7-membered rings, 
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whose ring structures include one to four heteroatoms. The 
term terms "heterocyclyl or "heterocyclic group' also 
include polycyclic ring systems having two or more cyclic 
rings in which two or more carbons are common to two 
adjoining rings wherein at least one of the rings is heterocy 
clic, e.g., the other cyclic rings can be cycloalkyls, cycloalk 
enyls, cycloalkynyls, aryls, heteroaryls, and/or heterocyclyls. 
Heterocyclyl groups include, for example, tetrahydrofuran, 
piperidine, piperazine, pyrrolidine, morpholine, lactones, 
lactams, and the like. 
The term "Cheterocycloalkyl', as used herein, refers to 

a C-alkyl group Substituted with a heterocyclyl group. 
The term "Chydroxyalkyl refers to a Calkyl group 

Substituted with a hydroxy group. 
As used herein, the term “inhibitor” is meant to describe a 

compound that blocks or reduces an activity of an enzyme 
(for example, inhibition of proteolytic cleavage of standard 
fluorogenic peptide substrates such as suc-LLVY-AMC, Box 
LLR-AMC and Z-LLE-AMC, inhibition of various catalytic 
activities of the 20S proteasome). An inhibitor can act with 
competitive, uncompetitive, or noncompetitive inhibition. An 
inhibitor can bind reversibly or irreversibly, and therefore the 
term includes compounds that are Suicide Substrates of an 
enzyme. An inhibitor can modify one or more sites on or near 
the active site of the enzyme, or it can cause a conformational 
change elsewhere on the enzyme. 
As used herein, the term "orally bioavailable' is meant to 

describe a compound administered to a mouse at 40 mg/kg or 
less, 20 mg/kg or less, or even 10 mg/kg or less, wherein one 
hour after oral administration Such a compound shows at least 
about 50%, at least about 75% or even at least about 90% 
inhibition of proteasome CT-L activity in the blood. 
As used herein, the term "peptide' includes not only stan 

dard amide linkage with standard C-Substituents, but com 
monly utilized peptidomimetics, other modified linkages, 
non-naturally occurring side chains, and side chain modifi 
cations, as detailed below. 
The terms “polycyclyl or “polycyclic” refer to two or 

more rings (e.g., cycloalkyls, cycloalkenyls, cycloalkynyls, 
aryls, heteroaryls, and/or heterocyclyls) in which two or more 
carbons are common to two adjoining rings, e.g., the rings are 
“fused rings’’. Each of the rings of the polycycle can be 
substituted or unsubstituted. 
The term “preventing is art-recognized, and when used in 

relation to a condition, such as a local recurrence (e.g., pain), 
a disease Such as cancer, a syndrome complex Such as heart 
failure or any other medical condition, is well understood in 
the art, and includes administration of a composition which 
reduces the frequency of, or delays the onset of symptoms of 
a medical condition in a Subject relative to a subject which 
does not receive the composition. Thus, prevention of cancer 
includes, for example, reducing the number of detectable 
cancerous growths in a population of patients receiving a 
prophylactic treatment relative to an untreated control popu 
lation, and/or delaying the appearance of detectable cancer 
ous growths in a treated population versus an untreated con 
trol population, e.g., by a statistically and/or clinically 
significant amount. Prevention of an infection includes, for 
example, reducing the number of diagnoses of the infection in 
a treated population versus an untreated control population, 
and/or delaying the onset of symptoms of the infection in a 
treated population versus an untreated control population. 
Prevention of pain includes, for example, reducing the mag 
nitude of, or alternatively delaying, pain sensations experi 
enced by Subjects in a treated population versus an untreated 
control population. 



US 9,205,126 B2 
25 

The term “prodrug encompasses compounds that, under 
physiological conditions, are converted into therapeutically 
active agents. A common method for making a prodrug is to 
include selected moieties that are hydrolyzed under physi 
ological conditions to reveal the desired molecule. In other 
embodiments, the prodrug is converted by an enzymatic 
activity of the host animal. 
The term “prophylactic or therapeutic' treatment is art 

recognized and includes administration to the host of one or 
more of the Subject compositions. If it is administered prior to 
clinical manifestation of the unwanted condition (e.g., dis 
ease or other unwanted state of the host animal) then the 
treatment is prophylactic, (i.e., it protects the host against 
developing the unwanted condition), whereas if it is admin 
istered after manifestation of the unwanted condition, the 
treatment is therapeutic, (i.e., it is intended to diminish, ame 
liorate, or stabilize the existing unwanted condition or side 
effects thereof). 
The term “proteasome' as used herein is meant to include 

immuno- and constitutive proteasomes. 
The term “substituted” refers to moieties having substitu 

ents replacing a hydrogen on one or more carbons of the 
backbone. It will be understood that “substitution' or “sub 
stituted with includes the implicit proviso that such substi 
tution is in accordance with permitted valence of the substi 
tuted atom and the substituent, and that the substitution 
results in a stable compound, e.g., which does not spontane 
ously undergo transformation Such as by rearrangement, 
cyclization, elimination, etc. As used herein, the term "sub 
stituted” is contemplated to include all permissible substitu 
ents of organic compounds. In a broad aspect, the permissible 
substituents include acyclic and cyclic, branched and 
unbranched, carbocyclic and heterocyclic, aromatic and non 
aromatic Substituents of organic compounds. The permissible 
substituents can be one or more and the same or different for 
appropriate organic compounds. For purposes of this inven 
tion, the heteroatoms such as nitrogen may have hydrogen 
Substituents and/or any permissible Substituents of organic 
compounds described herein which satisfy the valences of the 
heteroatoms. Substituents can include, for example, a halo 
gen, a hydroxyl, a carbonyl (such as a carboxyl, an alkoxy 
carbonyl, a formyl, or an acyl), a thiocarbonyl (such as a 
thioester, a thioacetate, or a thioformate), an alkoxyl, a phos 
phoryl, a phosphate, a phosphonate, a phosphinate, an amino, 
an amido, an amidine, an imine, a cyano, a nitro, an azido, a 
Sulfhydryl, an alkylthio, a Sulfate, a Sulfonate, a Sulfamoyl, a 
Sulfonamido, a Sulfonyl, a heterocyclyl, an aralkyl, or an 
aromatic or heteroaromatic moiety. It will be understood by 
those skilled in the art that the moieties substituted on the 
hydrocarbon chain can themselves be substituted, if appro 
priate. 
A “therapeutically effective amount of a compound with 

respect to the subject method of treatment, refers to an 
amount of the compound(s) in a preparation which, when 
administered as part of a desired dosage regimen (to a mam 
mal, preferably a human) alleviates a symptom, ameliorates a 
condition, or slows the onset of disease conditions according 
to clinically acceptable standards for the disorder or condition 
to be treated or the cosmetic purpose, e.g., at a reasonable 
benefit/risk ratio applicable to any medical treatment. 

The term “thioether refers to an alkyl group, as defined 
above, having a sulfur moiety attached thereto. In preferred 
embodiments, the “thioether is represented by S-alkyl. 
Representative thioether groups include methylthio, eth 
ylthio, and the like. 
As used herein, the term “treating or “treatment includes 

reversing, reducing, or arresting the symptoms, clinical signs, 
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and underlying pathology of a condition in manner to 
improve or stabilize a subjects condition. 
Selectivity for 20S Proteasome 
The enzyme inhibitors disclosed herein are useful in part 

because they inhibit the action of the 20S proteasome. Addi 
tionally, unlike other 20S proteasome inhibitors, the com 
pounds disclosed herein are highly selective toward the 20S 
proteasome, with respect to other protease enzymes. That is, 
the instant compounds show selectivities for the 20S protea 
Some over other proteases such as cathepsins, calpains, 
papain, chymotrypsin, trypsin, tripeptidyl pepsidase II. The 
selectivities of the enzyme inhibitors for 20S proteasome are 
such that at concentrations below about 50 uM, the enzyme 
inhibitors show inhibition of the catalytic activity of the 20S 
proteasome, while not showing inhibition of the catalytic 
activity of other proteases such as cathepsins, calpains, 
papain, chymotrypsin, trypsin, tripeptidyl pepsidase II. In 
preferred embodiments, the enzyme inhibitors show inhibi 
tion of the catalytic activity of the 20S proteasome at concen 
trations below about 10 uM, while not showing inhibition of 
the catalytic activity of other proteases at these concentra 
tions. In even more preferred embodiments, the enzyme 
inhibitors show inhibition of the catalytic activity of the 20S 
proteasome at concentrations below about 1 uM, while not 
showing inhibition of the catalytic activity of other proteases 
at these concentrations. Enzyme kinetic assays are disclosed 
in U.S. application Ser. No. 09/569,748, Example 2 and Stein 
et al., Biochem. (1996), 35,3899-3908. 
Selectivity for Chymotrypsin-Like Activity 

Particular embodiments of the enzyme inhibiting com 
pounds described herein are further useful because they can 
efficiently and selectively inhibit the chymotrypsin-like 
activity of the 20S proteasome, as compared to the trypsin 
like, and PGPH activities. The chymotrypsin-like activity of 
20S proteasome is characterized by cleavage of peptides in 
the immediate vicinity of large hydrophobic residues. In par 
ticular, the chymotrypsin-like activity of Ntn hydrolases can 
be determined by cleavage of a standard Substrate. Examples 
of Such substrates are known in the art. For example, a 
leucylvalinyltyrosine derivative can be used. Enzyme kinetic 
assays are disclosed in U.S. application Ser. No. 09/569,748, 
Example 2 and Stein et al., Biochem. (1996), 35,3899-3908. 
Uses of Enzyme Inhibitors 
The biological consequences of proteasome inhibition are 

numerous. Proteasome inhibition has been Suggested as a 
prevention and/or treatment of a multitude of diseases includ 
ing, but not limited to, proliferative diseases, neurotoxic/ 
degenerative diseases, Alzheimer's, ischemic conditions, 
inflammation, immune-related diseases, HIV, cancers, organ 
graft rejection, septic shock, inhibition of antigen presenta 
tion, decreasing viral gene expression, parasitic infections, 
conditions associated with acidosis, macular degeneration, 
pulmonary conditions, muscle wasting diseases, fibrotic dis 
eases, bone and hair growth diseases. Therefore, proteasome 
inhibitor compositions. Such as the orally bioavailable pep 
tide epoxy ketone class of molecules as described herein, 
provide a means of treating patients with these conditions. 

Proteasome inhibitor compositions may be used to treat 
conditions mediated directly by the proteolytic function of 
the proteasome Such as muscle wasting, or mediated indi 
rectly via proteins which are processed by the proteasome 
such as NF-kB. The proteasome participates in the rapid 
elimination and post-translational processing of proteins 
(e.g., enzymes) involved in cellular regulation (e.g., cell 
cycle, gene transcription, and metabolic pathways), intercel 
lular communication, and the immune response (e.g., antigen 
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presentation). Specific examples discussed below include 
B-amyloid protein and regulatory proteins such as cyclins and 
transcription factor NF-kB. 

At the cellular level, the accumulation of polyubiquitinated 
proteins, cell morphological changes, and apoptosis have 
been reported upon treatment of cells with various protea 
Some inhibitors. The proteasome degrades many proteins in 
maturing reticulocytes and growing fibroblasts. In cells 
deprived of insulin or serum, the rate of proteolysis nearly 
doubles. Inhibiting the proteasome reduces proteolysis, 
thereby reducing both muscle protein loss and the nitrog 
enous load on kidneys or liver. One aspect of the invention 
relates to the treatment of cachexia and muscle-wasting dis 
eases. Compounds of the invention may be useful for treating 
conditions such as cancer, chronic infectious diseases, fever, 
muscle disuse (atrophy) and denervation, nerve injury, fast 
ing, renal failure associated with acidosis, and hepatic failure. 
See, e.g., Goldberg, U.S. Pat. No. 5,340,736. Certain embodi 
ments of the invention therefore encompass compositions for: 
reducing the rate of muscle protein degradation in a cell; 
reducing the rate of intracellular protein degradation; reduc 
ing the rate of degradation of p53 protein in a cell; and 
inhibiting the growth of p53-related cancers. Each of these 
methods includes contacting a cell (in vivo or in vitro, e.g., a 
muscle in a Subject) with an effective amount of a pharma 
ceutical composition comprising a proteasome inhibitor dis 
closed herein. 

Intracellular proteolysis generates Small peptides for pre 
sentation to T-lymphocytes to induce MHC class I-mediated 
immune responses. The immune system screens for autolo 
gous cells that are virally infected or have undergone onco 
genic transformation. In certain embodiments, the invention 
relates to a method for inhibiting antigen presentation in a 
cell, comprising exposing the cell to a compound described 
herein. Proteasome inhibitors of the invention may be used to 
treat immune-related conditions such as allergy, asthma, 
organ/tissue rejection (graft-Versus-host disease), and auto 
immune diseases, including, but not limited to, lupus, rheu 
matoid arthritis, psoriasis, multiple Sclerosis, and inflamma 
tory bowel diseases (such as ulcerative colitis and Crohn's 
disease). Thus, in certain embodiments, the invention relates 
to a method for Suppressing the immune system of a subject 
comprising administering to the Subject an effective amount 
of a proteasome inhibitor compound described herein. 

In certain embodiments, the invention relates to a method 
for altering the repertoire of antigenic peptides produced by 
the proteasome or other Ntn with multicatalytic activity. For 
example, if the PGPH activity of 20S proteasome is selec 
tively inhibited, a different set of antigenic peptides will be 
produced by the proteasome and presented in MHC mol 
ecules on the surfaces of cells than would be produced and 
presented either without any enzyme inhibition, or with, for 
example, selective inhibition of chymotrypsin-like activity of 
the proteasome. 

Another aspect of the invention relates to the use of pro 
teasome inhibitor compositions disclosed herein for the treat 
ment of neurodegenerative diseases and conditions, includ 
ing, but not limited to, stroke, ischemic damage to the nervous 
system, neural trauma (e.g., percussive brain damage, spinal 
cord injury, and traumatic damage to the nervous system), 
multiple Sclerosis and other immune-mediated neuropathies 
(e.g., Guillain-Barre Syndrome and its variants, acute motor 
axonal neuropathy, acute inflammatory demyelinating poly 
neuropathy, and Fisher Syndrome), HIV/AIDS dementia 
complex, axonomy, diabetic neuropathy, Parkinson's dis 
ease, Huntington's disease, multiple Sclerosis, bacterial, 
parasitic, fungal, and viral meningitis, encephalitis, Vascular 
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dementia, multi-infarct dementia, Lewy body dementia, fron 
tal lobe dementia such as Pick's disease, Subcortical demen 
tias (such as Huntington or progressive Supranuclear palsy), 
focal cortical atrophy syndromes (such as primary aphasia), 
metabolic-toxic dementias (such as chronic hypothyroidism 
or B12 deficiency), and dementias caused by infections (such 
as syphilis or chronic meningitis). 

Alzheimer's disease is characterized by extracellular 
deposits of B-amyloid protein (B-AP) in senile plaques and 
cerebral vessels. B-AP is a peptide fragment of 39 to 42 amino 
acids derived from an amyloid protein precursor (APP). At 
least three isoforms of APP are known (695, 751, and 770 
amino acids). Alternative splicing of mRNA generates the 
isoforms; normal processing affects a portion of the B-AP 
sequence, thereby preventing the generation of B-AP. It is 
believed that abnormal protein processing by the proteasome 
contributes to the abundance off-AP in the Alzheimer brain. 
The APP-processing enzyme in rats contains about ten dif 
ferent subunits (22 kDa-32 kDa). The 25 kDa subunit has an 
N-terminal sequence of X-Gln-Asn-Pro-Met-X-Thr-Gly 
Thr-Ser, which is identical to the B-subunit of human macro 
pain (Kojima, S. et al., Fed. Eur: Biochem. Soc., (1992) 304: 
57-60). The APP-processing enzyme cleaves at the Gln'- 
Lys' bond; in the presence of calcium ion, the enzyme also 
cleaves at the Met--Asp bond, and the Asp-Ala bonds to 
release the extracellular domain of B-AP. 
One aspect of the invention, therefore, relates to a method 

of treating Alzheimer's disease, comprising administering to 
a Subject an effective amount of a proteasome inhibitor com 
position disclosed herein. Such treatment includes reducing 
the rate off-AP processing, reducing the rate off3-AP plaque 
formation, reducing the rate of B-AP generation, and reduc 
ing the clinical signs of Alzheimer's disease. 

Fibrosis is the excessive and persistent formation of scar 
tissue resulting from the hyperproliferative growth of fibro 
blasts and is associated with activation of the TGF-B signaling 
pathway. Fibrosis involves extensive deposition of extracel 
lular matrix and can occur within virtually any tissue or across 
several different tissues. Normally, the level of intracellular 
signaling protein (Smad) that activate transcription of target 
genes upon TGF-B stimulation is regulated by proteasome 
activity (Xu et al., 2000). However, accelerated degradation 
of the TGF-B signaling components has been observed in 
cancers and other hyperproliferative conditions. Thus, in cer 
tain embodiments the invention relates to a method for treat 
ing hyperproliferative conditions such as diabetic retinopa 
thy, macular degeneration, diabetic nephropathy, 
glomerulosclerosis, IgA nephropathy, cirrhosis, biliary atre 
sia, congestive heart failure, Scleroderma, radiation-induced 
fibrosis, and lung fibrosis (idiopathic pulmonary fibrosis, col 
lagen vascular disease, sarcoidosis, interstitial lung diseases 
and extrinsic lung disorders). The treatment ofburn victims is 
often hampered by fibrosis, thus, in certain embodiments, the 
invention relates to the topical or systemic administration of 
the inhibitors to treat burns. Wound closure following surgery 
is often associated with disfiguring Scars, which may be pre 
vented by inhibition of fibrosis. Thus, in certain embodi 
ments, the invention relates to a method for the prevention or 
reduction of Scarring. 

Certain proteasome inhibitors block both degradation and 
processing of ubiquitinated NF-kB in vitro and in vivo. Pro 
teasome inhibitors also block IKB-A degradation and NF-KB 
activation (Palombella, et al. Cell (1994) 78.773-785; and 
Traenckner, et al., EMBO J. (1994) 13:5433-5441). One 
aspect of the invention relates to a method for inhibiting 
IKB-C. degradation, comprising contacting the cell with a 
compound described herein. In certain embodiments, the 
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invention relates to a method for reducing the cellular content 
of NF-KB in a cell, muscle, organ, or Subject, comprising 
contacting the cell, muscle, organ, or Subject with a protea 
some inhibitor compound described herein. 
NF-kB is a member of the Rel protein family. The Rel 

family of transcriptional activator proteins can be divided into 
two groups. The first group requires proteolytic processing, 
and includes p50 (NF-kB1, 105 kDa) and p52 (NF-K2, 100 
kDa). The second group does not require proteolytic process 
ing, and includes p05 (RelA. Rel (c-Rel), and RelB). Both 
homo- and heterodimers can be formed by Rel family mem 
bers: NF-kB, for example, is a p50-p65 heterodimer. After 
phosphorylation and ubiquitination of IKB and p105, the two 
proteins are degraded and processed, respectively, to produce 
active NF-kB which translocates from the cytoplasm to the 
nucleus. Ubiquitinated p105 is also processed by purified 
proteasomes (Palombella et al., Cell (1994) 78.773-785). 
Active NF-KB forms a stereospecific enhancer complex with 
other transcriptional activators and, e.g., HMG I(Y), inducing 
selective expression of a particular gene. 
NF-kB regulates genes involved in the immune and inflam 

matory response, and mitotic events. For example, NF-kB is 
required for the expression of the immunoglobulin light chain 
K gene, the IL-2 receptor C-chain gene, the class I major 
histocompatibility complex gene, and a number of cytokine 
genes encoding, for example, IL-2, IL-6, granulocyte colony 
stimulating factor, and IFN-B (Palombella et al., Cell (1994) 
78:773-785). In certain embodiments, the invention relates to 
methods of affecting the level of expression of IL-2, MHC-I, 
IL-6, TNFC, IFN-for any of the other previously-mentioned 
proteins, each method comprising administering to a subject 
an effective amount of a proteasome inhibitor composition 
disclosed herein. Complexes including p50 are rapid media 
tors of acute inflammatory and immune responses (Thanos, 
D. and Maniatis, T., Cell (1995) 80:529-532). 

Overproduction of lipopolysaccharide (LPS)-induced 
cytokines such as TNFC. is considered to be central to the 
processes associated with septic shock. Furthermore, it is 
generally accepted that the first step in the activation of cells 
by LPS is the binding of LPS to specific membrane receptors. 
The C- and B-subunits of the 20S proteasome complex have 
been identified as LPS-binding proteins, Suggesting that the 
LPS-induced signal transduction may be an important thera 
peutic target in the treatment or prevention of sepsis (Qureshi, 
N. et al., J. Immun. (2003) 171: 1515-1525). Therefore, in 
certain embodiments, the proteasome inhibitor compositions 
may be used for the inhibition of TNFC. to prevent and/or treat 
septic shock. 
NF-kB also participates in the expression of the cell adhe 

sion genes that encode E-selectin, P-selectin, ICAM, and 
VCAM-1 (Collins, T., Lab. Invest. (1993) 68:499-508). In 
certain embodiments the invention relates to a method for 
inhibiting cell adhesion (e.g., cell adhesion mediated by E-se 
lectin, P-selectin, ICAM, or VCAM-1), comprising contact 
ing a cell with (or administering to a Subject) an effective 
amount of a pharmaceutical composition comprising a pro 
teasome inhibitor disclosed herein. 
NF-kB also binds specifically to the HIV-enhancer/pro 

moter. When compared to the Nef of mac239, the HIV regu 
latory protein Nef of pbj.14 differs by two amino acids in the 
region which controls protein kinase binding. It is believed 
that the protein kinase signals the phosphorylation of IKB, 
triggering IKB degradation through the ubiquitin-proteasome 
pathway. After degradation, NF-kB is released into the 
nucleus, thus enhancing the transcription of HIV (Cohen, J., 
Science, (1995) 267:960). In certain embodiments, the inven 
tion relates to a method for inhibiting or reducing HIV infec 
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tion in a subject, or a method for decreasing the level of viral 
gene expression, each method comprising administering to 
the subject an effective amount of a proteasome inhibitor 
composition disclosed herein. 

Viral infections contribute to the pathology of many dis 
eases. Heart conditions such as ongoing myocarditis and 
dilated cardiomyopathy have been linked to the coxsackievi 
rus B3. In a comparative whole-genome microarray analyses 
of infected mouse hearts, specific proteasome subunits were 
uniformly up-regulated in hearts of mice which developed 
chronic myocarditis (Szalay et al. Am J Pathol 168:1542-52, 
2006). Some viruses utilize the ubiquitin-proteasome system 
in the viral entry step where the virus is released from the 
endosome into the cytosol. The mouse hepatitis virus (MHV) 
belongs to the Coronaviridae family, which also includes the 
severe acute respiratory syndrome (SARS) coronvirus. Yu 
and Lai (JVirol 79:644-648, 2005) demonstrated that treat 
ment of cells infected with MHV with a proteasome inhibitor 
resulted in a decrease in viral replication, correlating with 
reduced viral titer as compared to that of untreated cells. The 
human hepatitis B virus (HBV), a member of the Hepad 
naviridae virus family, likewise requires virally encoded 
envelop proteins to propagate Inhibiting the proteasome deg 
radation pathway causes a significant reduction in the amount 
of secreted envelope proteins (Simseketal, JVirol 79:12914 
12920, 2005). In addition to HBV, other hepatitis viruses (A, 
C, D and E) may also utilize the ubiquitin-proteasome deg 
radation pathway for secretion, morphogenesis and patho 
genesis. Accordingly, in certain embodiments, the invention 
relates to a method for treating viral infection, such as SARS 
or hepatitis A, B, C, D and E. comprising contacting a cell 
with (or administering to a subject) an effective amount of a 
compound disclosed herein. 

Ischemia and reperfusion injury results in hypoxia, a con 
dition in which there is a deficiency of oxygen reaching the 
tissues of the body. This condition causes increased degrada 
tion of IKBC, thereby resulting in the activation of NF-KB 
(Koong et al., 1994). It has been demonstrated that the sever 
ity of injury resulting in hypoxia can be reduced with the 
administration of a proteasome inhibitor (Gao et al., 2000; 
Bao et al., 2001; Pye et al., 2003). Therefore, certain embodi 
ments of the invention relate to a method of treating an 
ischemic condition or reperfusion injury comprising admin 
istering to a Subject in need of Such treatment an effective 
amount of a proteasome inhibitor compound disclosed 
herein. Examples of Such conditions or injuries include, but 
are not limited to, acute coronary syndrome (Vulnerable 
plaques), arterial occlusive disease (cardiac, cerebral, periph 
eral arterial and vascular occlusions), atherosclerosis (coro 
nary Sclerosis, coronary artery disease), infarctions, heart 
failure, pancreatitis, myocardial hypertrophy, Stenosis, and 
restenosis. 

Other eukaryotic transcription factors that require pro 
teolytic processing include the general transcription factor 
TFIIA, herpes simplex virus VP16 accessory protein (host 
cell factor), virus-inducible IFN regulatory factor 2 protein, 
and the membrane-bound sterol regulatory element-binding 
protein 1. 

In certain embodiments, the invention relates to methods 
for affecting cyclin-dependent eukaryotic cell cycles, com 
prising exposing a cell (in vitro or in vivo) to a proteasome 
inhibitor composition disclosed herein. Cyclins are proteins 
involved in cell cycle control. The proteasome participates in 
the degradation of cyclins. Examples of cyclins include 
mitotic cyclins, G1 cyclins, and cyclin B. Degradation of 
cyclins enables a cell to exit one cell cycle stage (e.g., mitosis) 
and enter another (e.g., division). It is believed all cyclins are 
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associated with p34* protein kinase or related kinases. The 
proteolysis targeting signal is localized to amino acids 
42-RAALGNISEN-50 (destruction box). There is evidence 
that cyclin is converted to a form vulnerable to a ubiquitin 
ligase or that a cyclin-specific ligase is activated during mito 
sis (Ciechanover, A., Cell, (1994)79:13-21). Inhibition of the 
proteasome inhibits cyclin degradation, and therefore inhibits 
cell proliferation, for example, in cyclin-related cancers (Ku 
matori et al., Proc. Natl. Acad. Sci. USA (1990) 87:7071 
7075). One aspect of the invention relates to a method for 
treating a proliferative disease in a subject (e.g., cancer, pso 
riasis, or restenosis), comprising administering to the Subject 
an effective amount of a proteasome inhibitor composition 
disclosed herein. The invention also relates to a method for 
treating cyclin-related inflammation in a subject, comprising 
administering to a Subject a therapeutically effective amount 
of a proteasome inhibitor composition described herein. 

Additional embodiments of the invention relate to methods 
for affecting the proteasome-dependent regulation of onco 
proteins and methods of treating or inhibiting cancer growth, 
each method comprising exposing a cell (in Vivo, e.g., in a 
Subject, or in vitro) to a proteasome inhibitor composition 
disclosed herein. HPV-16 and HPV-18-derived E6 proteins 
stimulate ATP- and ubiquitin-dependent conjugation and 
degradation of p53 in crude reticulocyte lysates. The reces 
sive oncogene p53 has been shown to accumulate at the 
nonpermissive temperature in a cell line with a mutated ther 
molabile E1. Elevated levels of p53 may lead to apoptosis. 
Examples of proto-oncoproteins degraded by the ubiquitin 
system include c-Mos, c-Fos, and c-Jun. In certain embodi 
ments, the invention relates to a method for treating p53 
related apoptosis, comprising administering to a subject an 
effective amount of a proteasome inhibitor composition dis 
closed herein. 

In certain embodiments, the disclosed compositions may 
be useful for the treatment of a parasitic infection, such as 
infections caused by protozoan parasites. The proteasome of 
these parasites is considered to be involved primarily in cell 
differentiation and replication activities (Paugam et al., 
Trends Parasitol. 2003, 19(2): 55-59). Furthermore, entam 
oeba species have been shown to lose ency station capacity 
when exposed to proteasome inhibitors (Gonzales, et al., 
Arch. Med. Res. 1997, 28, Spec No: 139-140). In certain such 
embodiments, the administrative protocols for the protea 
some inhibitor compositions are useful for the treatment of 
parasitic infections in humans caused by a protozoan parasite 
selected from Plasmodium sps. (including Pfalciparum, P 
vivax, P malariae, and P ovale, which cause malaria), Try 
panosoma sps. (including T. Cruzi, which causes Chagas 
disease, and T. bruceii which causes African sleeping sick 
ness), Leishmania sps. (including L. amazonesis, L. dono 
vani, L. infantum, L. mexicana, etc.), Pneumocystis carinii (a 
protozoan known to cause pneumonia in AIDS and other 
immunosuppressed patients), Toxoplasma gondii, Entam 
oeba histolytica, Entamoeba invadens, and Giardia lamblia. 
In certain embodiments, the disclosed proteasome inhibitor 
compositions are useful for the treatment of parasitic infec 
tions in animals and livestock caused by a protozoan parasite 
selected from Plasmodium hermani, Cryptosporidium sps. 
Echinococcus granulosus, Eimeria tenella, Sarcocystis neu 
roma, and Neurospora crassa. Other compounds useful as 
proteasome inhibitors in the treatment of parasitic diseases 
are described in WO 98/10779, which is incorporated herein 
in its entirety. 

In certain embodiments, the proteasome inhibitor compo 
sitions inhibit proteasome activity in a parasite without recov 
ery in red blood cells and white blood cells. In certain such 
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embodiments, the long half-life of blood cells may provide 
prolonged protection with regard to therapy against recurring 
exposures to parasites. In certain embodiments, the protea 
Some inhibitor compositions may provide prolonged protec 
tion with regard to chemoprophylaxis against future infec 
tion. 

It has also been demonstrated that inhibitors that bind to the 
20S proteasome stimulate bone formation in bone organ cul 
tures. Furthermore, when such inhibitors have been adminis 
tered systemically to mice, certain proteasome inhibitors 
increased bone volume and bone formation rates over 70% 
(Garrett, I. R. et al., J. Clin. Invest. (2003) 111: 1771-1782), 
therefore Suggesting that the ubiquitin-proteasome machin 
ery regulates osteoblast differentiation and bone formation. 
Therefore, the disclosed proteasome inhibitor compositions 
may be useful in the treatment and/or prevention of diseases 
associated with bone loss, such as osteroporosis. 

Proteasome inhibition has already been validated as a 
therapeutic strategy for the treatment of cancer, particularly 
multiple myeloma. However, based on both in vitro and in 
vivo models, one would predict that it could serve as a strat 
egy against other cancers, particularly heme-related malig 
nancies and Solid tumors. Therefore, certain embodiments of 
the invention relate to a method of treating cancers compris 
ing administering to a subject in need of Such treatment an 
effective amount of a proteasome inhibitor compound dis 
closed herein. 
Administration 
Compounds prepared as described herein can be adminis 
tered in various forms, depending on the disorder to be treated 
and the age, condition, and body weight of the patient, as is 
well known in the art. For example, where the compounds are 
to be administered orally, they may be formulated as tablets, 
capsules, granules, powders, or syrups; or for parenteral 
administration, they may be formulated as injections (intra 
venous, intramuscular, or Subcutaneous), drop infusion 
preparations, or Suppositories. For application by the oph 
thalmic mucous membrane route, they may be formulated as 
eye drops or eye ointments. These formulations can be pre 
pared by conventional means, and if desired, the active ingre 
dient may be mixed with any conventional additive or excipi 
ent, Such as a binder, a disintegrating agent, a lubricant, a 
corrigent, a solubilizing agent, a Suspension aid, an emulsi 
fying agent, a coating agent, a cyclodextrin, and/or a buffer. 
Although the dosage will vary depending on the symptoms, 
age and body weight of the patient, the nature and severity of 
the disorder to be treated or prevented, the route of adminis 
tration and the form of the drug, in general, a daily dosage of 
from 0.01 to 2000 mg of the compound is recommended for 
an adult human patient, and this may be administered in a 
single dose or in divided doses. The amount of active ingre 
dient which can be combined with a carrier material to pro 
duce a single dosage form will generally be that amount of the 
compound which produces a therapeutic effect. 
The precise time of administration and/or amount of the 

composition that will yield the most effective results in terms 
ofefficacy of treatmentina given patient will depend upon the 
activity, pharmacokinetics, and bioavailability of a particular 
compound, physiological condition of the patient (including 
age, sex, disease type and stage, general physical condition, 
responsiveness to a given dosage, and type of medication), 
route of administration, etc. However, the above guidelines 
can be used as the basis for fine-tuning the treatment, e.g., 
determining the optimum time and/or amount of administra 
tion, which will require no more than routine experimentation 
consisting of monitoring the Subject and adjusting the dosage 
and/or timing. 
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The phrase “pharmaceutically acceptable' is employed 
herein to refer to those ligands, materials, compositions, and/ 
or dosage forms which are, within the scope of sound medical 
judgment, Suitable for use in contact with the tissues of 
human beings and animals without excessive toxicity, irrita 
tion, allergic response, or other problem or complication, 
commensurate with a reasonable benefit/risk ratio. 
The phrase “pharmaceutically acceptable carrier as used 

herein means a pharmaceutically acceptable material, com 
position, or vehicle, such as a liquid or Solid filler, diluent, 
excipient, solvent or encapsulating material. Each carrier 
must be “acceptable' in the sense of being compatible with 
the other ingredients of the formulation and not injurious to 
the patient. Some examples of materials which can serve as 
pharmaceutically acceptable carriers include: (1) Sugars, 
Such as lactose, glucose, and Sucrose; (2) starches, such as 
corn starch, potato starch, and Substituted or unsubstituted 
B-cyclodextrin; (3) cellulose, and its derivatives, such as 
sodium carboxymethyl cellulose, ethyl cellulose, and cellu 
lose acetate; (4) powdered tragacanth; (5) malt, (6) gelatin: 
(7) talc.; (8) excipients, such as cocoa butter and Suppository 
waxes; (9) oils, such as peanut oil, cottonseed oil, safflower 
oil, Sesame oil, olive oil, corn oil, and Soybean oil: (10) 
glycols, such as propylene glycol, (11) polyols, such as glyc 
erin, Sorbitol, mannitol, and polyethylene glycol, (12) esters, 
Such as ethyl oleate and ethyl laurate; (13) agar, (14) buffering 
agents, such as magnesium hydroxide and aluminum hydrox 
ide; (15) alginic acid; (16) pyrogen-free water, (17) isotonic 
saline; (18) Ringer's solution; (19) ethyl alcohol; (20) phos 
phate buffer solutions; and (21) other non-toxic compatible 
substances employed in pharmaceutical formulations. In cer 
tain embodiments, pharmaceutical compositions of the 
present invention are non-pyrogenic, i.e., do not induce sig 
nificant temperature elevations when administered to a 
patient. 
The term “pharmaceutically acceptable salt” refers to the 

relatively non-toxic, inorganic and organic acid addition salts 
of the inhibitor(s). These salts can be prepared in situ during 
the final isolation and purification of the inhibitor(s), or by 
separately reacting a purified inhibitor(s) in its free base form 
with a Suitable organic or inorganic acid, and isolating the salt 
thus formed. Representative salts include the hydrobromide, 
hydrochloride, Sulfate, bisulfate, phosphate, nitrate, acetate, 
Valerate, oleate, palmitate, Stearate, laurate, benzoate, lactate, 
phosphate, tosylate, citrate, maleate, fumarate. Succinate, tar 
trate, naphthylate, mesylate, glucoheptonate, lactobionate, 
laurylsulphonate salts, and amino acid salts, and the like. 
(See, for example, Berge et al. (1977) “‘Pharmaceutical Salts', 
J. Pharm. Sci. 66:1-19.) 

In other cases, the inhibitors useful in the methods of the 
present invention may contain one or more acidic functional 
groups and, thus, are capable of forming pharmaceutically 
acceptable salts with pharmaceutically acceptable bases. The 
term “pharmaceutically acceptable salts' in these instances 
refers to the relatively non-toxic inorganic and organic base 
addition salts of an inhibitor(s). These salts can likewise be 
prepared in situ during the final isolation and purification of 
the inhibitor(s), or by separately reacting the purified inhibi 
tor(s) in its free acid form with a suitable base, such as the 
hydroxide, carbonate, or bicarbonate of a pharmaceutically 
acceptable metal cation, with ammonia, or with a pharmaceu 
tically acceptable organic primary, secondary, or tertiary 
amine Representative alkali or alkaline earth salts include the 
lithium, Sodium, potassium, calcium, magnesium, and alumi 
num salts, and the like. Representative organic amines useful 
for the formation of base addition salts include ethylamine, 
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diethylamine, ethylenediamine, ethanolamine, diethanola 
mine, piperazine, and the like (see, for example, Berge et al., 
Supra). 

Wetting agents, emulsifiers, and lubricants, such as Sodium 
lauryl Sulfate and magnesium Stearate, as well as coloring 
agents, release agents, coating agents, Sweetening, flavoring, 
and perfuming agents, preservatives and antioxidants can 
also be present in the compositions. 

Examples of pharmaceutically acceptable antioxidants 
include: (1) water soluble antioxidants, such as ascorbic acid, 
cysteine hydrochloride, Sodium bisulfate, sodium met 
abisulfite, sodium sulfite, and the like; (2) oil-soluble antioxi 
dants, such as ascorbyl palmitate, butylated hydroxyanisole 
(BHA), butylated hydroxytoluene (BHT), lecithin, propyl 
gallate, alpha-tocopherol, and the like; and (3) metal chelat 
ing agents, such as citric acid, ethylenediamine tetraacetic 
acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the 
like. 

Formulations suitable for oral administration may be in the 
form of capsules, cachets, pills, tablets, lozenges (using a 
flavored basis, usually Sucrose and acacia or tragacanth), 
powders, granules, or as a solution or a suspension in an 
aqueous or non-aqueous liquid, or as an oil-in-water or water 
in-oil liquid emulsion, or as an elixir or syrup, or as pastilles 
(using an inert matrix. Such as gelatin and glycerin, or Sucrose 
and acacia) and/or as mouthwashes, and the like, each con 
taining a predetermined amount of an inhibitor(s) as an active 
ingredient. A composition may also be administered as a 
bolus, electuary, or paste. 

In Solid dosage forms for oral administration (capsules, 
tablets, pills, dragees, powders, granules, and the like), the 
active ingredient is mixed with one or more pharmaceutically 
acceptable carriers, such as Sodium citrate or dicalcium phos 
phate, and/or any of the following: (1) fillers or extenders, 
Such as starches, cyclodextrins, lactose. Sucrose, glucose, 
mannitol, and/or silicic acid; (2) binders, such as, for 
example, carboxymethylcellulose, alginates, gelatin, polyvi 
nyl pyrrolidone. Sucrose, and/or acacia; (3) humectants. Such 
as glycerol; (4) disintegrating agents. Such as agar-agar, cal 
cium carbonate, potato or tapioca starch, alginic acid, certain 
silicates, and sodium carbonate; (5) Solution retarding agents, 
Such as paraffin; (6) absorption accelerators, such as quater 
nary ammonium compounds; (7) wetting agents, such as, for 
example, acetyl alcohol and glycerol monostearate; (8) absor 
bents, such as kaolin and bentonite clay; (9) lubricants, such 
a talc, calcium Stearate, magnesium Stearate, Solid polyethyl 
ene glycols, sodium lauryl Sulfate, and mixtures thereof, and 
(10) coloring agents. In the case of capsules, tablets, and pills, 
the pharmaceutical compositions may also comprise buffer 
ing agents. Solid compositions of a similar type may also be 
employed as fillers in Soft and hard-filled gelatin capsules 
using Such excipients as lactose or milk Sugars, as well as high 
molecular weight polyethylene glycols, and the like. 
A tablet may be made by compression or molding, option 

ally with one or more accessory ingredients. Compressed 
tablets may be prepared using binder (for example, gelatin or 
hydroxypropylmethyl cellulose), lubricant, inert diluent, pre 
servative, disintegrant (for example, sodium starch glycolate 
or cross-linked sodium carboxymethyl cellulose), Surface 
active or dispersing agent. Molded tablets may be made by 
molding in a suitable machine a mixture of the powdered 
inhibitor(s) moistened with an inert liquid diluent. 

Tablets, and other Solid dosage forms. Such as dragees, 
capsules, pills, and granules, may optionally be scored or 
prepared with coatings and shells, such as enteric coatings 
and other coatings well known in the pharmaceutical-formu 
lating art. They may also be formulated so as to provide slow 
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or controlled release of the active ingredient therein using, for 
example, hydroxypropylmethyl cellulose in varying propor 
tions to provide the desired release profile, other polymer 
matrices, liposomes, and/or microspheres. They may be ster 
ilized by, for example, filtration through a bacteria-retaining 
filter, or by incorporating sterilizing agents in the form of 
sterile solid compositions which can be dissolved in sterile 
water, or some other sterile injectable medium immediately 
before use. These compositions may also optionally contain 
opacifying agents and may be of a composition that they 
release the active ingredient(s) only, or preferentially, in a 
certain portion of the gastrointestinal tract, optionally, in a 
delayed manner. Examples of embedding compositions 
which can be used include polymeric Substances and waxes. 
The active ingredient can also be in micro-encapsulated form, 
if appropriate, with one or more of the above-described 
excipients. 

Liquid dosage forms for oral administration include phar 
maceutically acceptable emulsions, microemulsions, Solu 
tions, Suspensions, syrups, and elixirs. 

In addition to the active ingredient, the liquid dosage forms 
may contain inert diluents commonly used in the art, Such as, 
for example, water or other solvents, solubilizing agents, and 
emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl 
carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, 
propylene glycol, 1,3-butylene glycol, oils (in particular, cot 
tonseed, groundnut, corn, germ, olive, castor, and sesame 
oils), glycerol, tetrahydrofuryl alcohol, polyethylene glycols, 
and fatty acid esters of sorbitan, and mixtures thereof. 

Besides inert diluents, the oral compositions can also 
include adjuvants such as wetting agents, emulsifying and 
Suspending agents, Sweetening, flavoring, coloring, perfum 
ing, and preservative agents. 

Suspensions, in addition to the active inhibitor(s) may con 
tain suspending agents as, for example, ethoxylated isostearyl 
alcohols, polyoxyethylene Sorbitol and Sorbitan esters, 
microcrystalline cellulose, aluminum metahydroxide, bento 
nite, agar-agar and tragacanth, and mixtures thereof. 

Formulations for rectal or vaginal administration may be 
presented as a Suppository, which may be prepared by mixing 
one or more inhibitor(s) with one or more suitable nonirritat 
ing excipients or carriers comprising, for example, cocoa 
butter, polyethylene glycol, a Suppository wax or a salicylate, 
which is solid at room temperature, but liquid at body tem 
perature and, therefore, will melt in the rectum or vaginal 
cavity and release the active agent. 

Formulations which are suitable for vaginal administration 
also include pessaries, tampons, creams, gels, pastes, foams, 
or spray formulations containing Such carriers as are known 
in the art to be appropriate. 

Dosage forms for the topical or transdermal administration 
of an inhibitor(s) include powders, sprays, ointments, pastes, 
creams, lotions, gels, Solutions, patches, and inhalants. The 
active component may be mixed understerile conditions with 
a pharmaceutically acceptable carrier, and with any preser 
vatives, buffers, or propellants which may be required. 
The ointments, pastes, creams, and gels may contain, in 

addition to inhibitor(s), excipients, such as animal and Veg 
etable fats, oils, waxes, paraffins, starch, tragacanth, cellulose 
derivatives, polyethylene glycols, silicones, bentonites, 
silicic acid, talc, and Zinc oxide, or mixtures thereof. 

Powders and sprays can contain, in addition to an 
inhibitor(s), excipients such as lactose, talc, silicic acid, alu 
minum hydroxide, calcium silicates, and polyamide powder, 
or mixtures of these Substances. Sprays can additionally con 
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tain customary propellants, such as chlorofluorohydrocar 
bons and volatile unsubstituted hydrocarbons, such as butane 
and propane. 
The inhibitor(s) can be alternatively administered by aero 

Sol. This is accomplished by preparing an aqueous aerosol, 
liposomal preparation, or solid particles containing the com 
position. A nonaqueous (e.g., fluorocarbon propellant) Sus 
pension could be used. Sonic nebulizers are preferred because 
they minimize exposing the agent to shear, which can result in 
degradation of the compound. 

Ordinarily, an aqueous aerosol is made by formulating an 
aqueous Solution or Suspension of the agent together with 
conventional pharmaceutically acceptable carriers and stabi 
lizers. The carriers and stabilizers vary with the requirements 
of the particular composition, but typically include nonionic 
surfactants (Tweens, Pluronics, sorbitan esters, lecithin, Cre 
mophors), pharmaceutically acceptable co-solvents such as 
polyethylene glycol, innocuous proteins like serum albumin, 
oleic acid, amino acids such as glycine, buffers, salts, Sugars, 
or Sugar alcohols. Aerosols generally are prepared from iso 
tonic solutions. 

Transdermal patches have the added advantage of provid 
ing controlled delivery of an inhibitor(s) to the body. Such 
dosage forms can be made by dissolving or dispersing the 
agent in the proper medium. Absorption enhancers can also 
be used to increase the flux of the inhibitor(s) across the skin. 
The rate of such flux can be controlled by either providing a 
rate controlling membrane or dispersing the inhibitor(s) in a 
polymer matrix or gel. 

Pharmaceutical compositions of this invention suitable for 
parenteral administration comprise one or more inhibitors(s) 
in combination with one or more pharmaceutically accept 
able sterile aqueous or nonaqueous solutions, dispersions, 
Suspensions or emulsions, or sterile powders which may be 
reconstituted into sterile injectable solutions or dispersions 
just prior to use, which may contain antioxidants, buffers, 
bacteriostats, solutes which render the formulation isotonic 
with the blood of the intended recipient or suspending or 
thickening agents. 

Examples of Suitable aqueous and nonaqueous carriers 
which may be employed in the pharmaceutical compositions 
of the invention include water, ethanol, polyols (such as glyc 
erol, propylene glycol, polyethylene glycol, and the like), and 
Suitable mixtures thereof, vegetable oils, such as olive oil, and 
injectable organic esters, such as ethyl oleate. Proper fluidity 
can be maintained, for example, by the use of coating mate 
rials, such as lecithin, by the maintenance of the required 
particle size in the case of dispersions, and by the use of 
Surfactants. 

These compositions may also contain adjuvants such as 
preservatives, wetting agents, emulsifying agents, and dis 
persing agents. Prevention of the action of microorganisms 
may be ensured by the inclusion of various antibacterial and 
antifungal agents, for example, paraben, chlorobutanol, phe 
nol sorbic acid, and the like. It may also be desirable to 
include tonicity-adjusting agents, such as Sugars, Sodium 
chloride, and the like into the compositions. In addition, pro 
longed absorption of the injectable pharmaceutical form may 
be brought about by the inclusion of agents which delay 
absorption Such as aluminum monostearate and gelatin. 

In some cases, in order to prolong the effect of a drug, it is 
desirable to slow the absorption of the drug from subcutane 
ous or intramuscular injection. For example, delayed absorp 
tion of a parenterally administered drug form is accomplished 
by dissolving or Suspending the drug in an oil vehicle. 

Injectable depot forms are made by forming microencap 
sule matrices of inhibitor(s) in biodegradable polymers such 
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as polylactide-polyglycolide. Depending on the ratio of drug 
to polymer, and the nature of the particular polymer 
employed, the rate of drug release can be controlled. 
Examples of other biodegradable polymers include poly 
(orthoesters) and poly(anhydrides). Depot injectable formu 
lations are also prepared by entrapping the drug in liposomes 
or microemulsions which are compatible with body tissue. 
The preparations of agents may be given orally, parenter 

ally, topically, or rectally. They are, of course, given by forms 
suitable for each administration route. For example, they are 
administered in tablets or capsule form, by injection, inhala 
tion, eye lotion, ointment, Suppository, infusion; topically by 
lotion or ointment; and rectally by Suppositories. Oral admin 
istration is preferred. 
The phrases “parenteral administration' and “adminis 

tered parenterally as used herein means modes of adminis 
tration other than enteral and topical administration, usually 
by injection, and includes, without limitation, intravenous, 
intramuscular, intraarterial, intrathecal, intracapsular, 
intraorbital, intracardiac, intradermal, intraperitoneal, tran 
stracheal, Subcutaneous, Subcuticular, intraarticular, Subcap 
Sular, Subarachnoid, intraspinal and intrasternal injection, and 
infusion. 
The phrases “systemic administration.” “administered sys 

temically.” “peripheral administration' and “administered 
peripherally as used herein mean the administration of a 
ligand, drug, or other material other than directly into the 
central nervous system, such that it enters the patient’s system 
and thus, is Subject to metabolism and other like processes, 
for example, Subcutaneous administration. 

These inhibitors(s) may be administered to humans and 
other animals for therapy by any Suitable route of adminis 
tration, including orally, nasally, as by, for example, a spray, 
rectally, intravaginally, parenterally, intracisternally, and 
topically, as by powders, ointments or drops, including buc 
cally and Sublingually. 

Regardless of the route of administration selected, the 
inhibitor(s), which may be used in a suitable hydrated form, 
and/or the pharmaceutical compositions of the present inven 
tion, are formulated into pharmaceutically acceptable dosage 
forms by conventional methods known to those of skill in the 
art. 

Actual dosage levels of the active ingredients in the phar 
maceutical compositions of this invention may be varied so as 
to obtain an amount of the active ingredient which is effective 
to achieve the desired therapeutic response for a particular 
patient, composition, and mode of administration, without 
being toxic to the patient. 

The concentration of a disclosed compound in a pharma 
ceutically acceptable mixture will vary depending on several 
factors, including the dosage of the compound to be admin 
istered, the pharmacokinetic characteristics of the 
compound(s) employed, and the route of administration. In 
general, the compositions of this invention may be provided 
in an aqueous solution containing about 0.1-10% w/v of a 
compound disclosed herein, among other Substances, for 
parenteral administration. Typical dose ranges are from about 
0.01 to about 50 mg/kg of body weight per day, given in 1-4 
divided doses. Each divided dose may contain the same or 
different compounds of the invention. The dosage will be an 
effective amount depending on several factors including the 
overall health of a patient, and the formulation and route of 
administration of the selected compound(s). 

Another aspect of the invention provides a conjoint therapy 
wherein one or more other therapeutic agents are adminis 
tered with the proteasome inhibitor. Such conjoint treatment 
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may be achieved by way of the simultaneous, sequential, or 
separate dosing of the individual components of the treat 
ment. 

In certain embodiments, a compound of the invention is 
conjointly administered with one or more other proteasome 
inhibitor(s). 

In certain embodiments, a compound of the invention is 
conjointly administered with a chemotherapeutic. Suitable 
chemotherapeutics may include, natural products such as 
Vinca alkaloids (i.e. vinblastine, Vincristine, and vinorelbine), 
paclitaxel, epidipodophyllotoxins (i.e. etoposide, tenipo 
side), antibiotics (dactinomycin (actinomycin D) daunorubi 
cin, doxorubicin and idarubicin), anthracyclines, mitox 
antrone, bleomycins, plicamycin (mithramycin) and 
mitomycin, enzymes (L-asparaginase which systemically 
metabolizes L-asparagine and deprives cells which do not 
have the capacity to synthesize their own asparagine); anti 
platelet agents; antiproliferative/antimitotic alkylating agents 
Such as nitrogen mustards (mechlorethamine, cyclophospha 
mide and analogs, melphalan, chlorambucil), ethylenimines 
and methylmelamines (hexamethylmelamine and thiotepa). 
alkyl Sulfonates (buSulfan), nitrosoureas (carmustine 
(BCNU) and analogs, streptozocin), traZenes-dacarbazinine 
(DTIC); antiproliferative/antimitotic antimetabolites such as 
folic acid analogs (methotrexate), pyrimidine analogs (fluo 
rouracil, floXuridine, and cytarabine), purine analogs and 
related inhibitors (mercaptopurine, thioguanine, pentostatin 
and 2-chlorodeoxyadenosine); aromatase inhibitors (anastro 
Zole, exemestane, and letrozole); and platinum coordination 
complexes (cisplatin, carboplatin), procarbazine, hydrox 
yurea, mitotane, aminoglutethimide; histone deacetylase 
(HDAC) inhibitors; hormones (i.e. estrogen) and hormone 
agonists Such as leutinizing hormone releasing hormone 
(LHRH) agonists (goserelin, leuprolide and triptorelin). 
Other chemotherapeutic agents may include mechlore 
thamine, camptothecin, ifosfamide, tamoxifen, raloxifene, 
gemcitabine, navelbine, or any analog or derivative variant of 
the foregoing. 

In certain embodiments, a compound of the invention is 
conjointly administered with a cytokine. Cytokines include, 
but are not limited to, Interferon-Y, -C, and -3. Interleukins 
1-8, 10 and 12, Granulocyte Monocyte Colony-Stimulating 
factor (GM-CSF), TNF-C. and -f, and TGF-?3. 

In certain embodiments, a compound of the invention is 
conjointly administered with a steroid. Suitable steroids may 
include, but are not limited to, 21-acetoxypregnenolone, 
alclometaSone, algestone, amcinonide, beclomethasone, 
betamethasone, budesonide, chloroprednisone, clobetasol, 
clocortolone, cloprednol, corticosterone, cortisone, cortiva 
Zol, deflazacort, desonide, desoximetaSone, dexamethasone, 
diflorasone, diflucortolone, difuprednate, enoXolone, fluaza 
cort, flucloronide, flumethasone, flunisolide, fluocinolone 
acetonide, fluocinonide, fluocortin butyl, fluocortolone, fluo 
rometholone, fluperolone acetate, fluprednidene acetate, flu 
prednisolone, flurandrenolide, fluticaSone propionate, for 
mocortal, halcinonide, halobetasol propionate, 
halometaSone, hydrocortisone, loteprednol etabonate, 
maZipredone, medrysone, meprednisone, methylpredniso 
lone, mometasone furoate, paramethasone, prednicarbate, 
prednisolone, prednisolone 25-diethylaminoacetate, pred 
nisolone sodium phosphate, prednisone, prednival, pred 
nylidene, rimexolone, tiXocortol, triamcinolone, triamcino 
lone acetonide, triamcinolone benetonide, triamcinolone 
hexacetonide, and salts and/or derivatives thereof. 

In certain embodiments, a compound of the invention is 
conjointly administered with an immunotherapeutic agent. 
Suitable immunotherapeutic agents may include, but are not 
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limited to, MDR modulators (verapamil, Valspordar, birico 
dar, tariquidar, laniquidar), rapamycin, mycophenylate 
mofetil, cyclophosomide, cyclosporine, thalidomide, and 
monoclonal antibodies. The monoclonal antibodies can be 
either naked or conjugated Such as rituximab, to situmomab, 
alemtuzumab, daclizumab, epratuZumab, ibritumomab tiuX 
etan, gemtuzumab ozogamicin, bevacizumab, cetuximab, 
erlotinib and trastuzumab. 

EXEMPLIFICATION 

Example 1 

Scheme 1: Synthesis of Compound 010 
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-continued 

OMe 
O 

H O 
N -- 

HN N 
H 

O O Np, 
OO8 

CO2H 
HOBT, HBTU 
-e- 

W \, DIPEA, THF, 0° C. 
Me o1 

O09 

OMe 
O O 

H O 
N 

/ N N H H 

N O O O- Np, 
O10 

Compound (003): 
To a 0° C. solution of N-Boc serine (methyl ether) (001) 

(2.5 g, 11.4 mmol), L-alanine benzyl ester hydrochloride 
(002) (3.3 g, 11.4 mmol), HOBT (2.5 g. 18.2 mmol) and 
HBTU (6.9 g, 18.24 mmol) in tetrahydrofuran (400 mL) was 
added a solution of N,N-diisopropylethylamine (8.0 mL, 45.6 
mmol) in tetrahydrofuran (50 mL) over 10 minutes. The 
mixture was stirred at room temperature for another 5 hours. 
Most of the solvents were removed under reduced pressure 
and the resulting material diluted with ethylacetate (300 mL). 
The solution was then washed with Saturated aqueous sodium 
bicarbonate (2x50 mL) and brine (100 mL). The organic 
layers were dried over sodium sulfate and filtered through 
Celite-545. The solvents were removed under reduced pres 
Sure and the residue was purified by flash chromatography 
(hexane and ethyl acetate), and the desired compound (003) 
(4.4 g) was isolated and characterized by LC/MS (LCRS 
(MH) m/z. 457.23). 
Compound (004): 
To a 0° C. solution of (003) (5.14 g, 11.25 mmol) in tet 

rahydrofuran (100 mL) was added 10% Pd/C (500 mg). The 
resulting mixture was allowed to stir under 1 atmosphere of 
hydrogen for 4 hours. The mixture was filtered through 
Celite-545 and the filter cake was washed with tetrahydrofu 
ran. The organic filtrate was concentrated under reduced pres 
Sure and placed under high vacuum for 2 hours to provide 
(004) as confirmed by LC/MS (LCRS (MH) m/z. 367.18) 
which was used without further purification. 
Compound (006): 
To a solution of (005) (for a synthesis of (005) see U.S. 

patent application Ser. No. 1 1/131,688) (3.9 g, 13 mmol) in 
trifluoroacetic acid (50 mL) was added 10% Pd/C (600mg). 
The resulting mixture was allowed to stir under 1 atmosphere 
of hydrogen for 6 hours. The mixture was filtered through 
Celite-545 and the filter cake washed with dichloromethane 
(200 mL). The filtrate was concentrated under reduced pres 
Sure and placed under high vacuum overnight to provide 
(006) as confirmed by LC/MS (LCRS (MH) m/z: 172.13) and 
was used in the subsequent transformation without further 
purification. 
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Compound (007): -continued 
To a 0° C. solution of (004) and (006), HOBT (2.5g, 18 

mmol) and HBTU (6.9 g, 18 mmol) in tetrahydrofuran (400 
mL) was added a solution of N,N-diethylisopropylamine (8 O 
mL, 46 mmol) in tetrahydrofuran (50 mL) over 10 minutes. 5 Nulls (006) 
The mixture was stirred at room temperature for another 5 N OH or BT 
hours. Most of the solvents were removed under reduced i DIEATHF.0°C. 
pressure and the remaining material was diluted with ethyl O 
acetate (400 mL). The resulting solution was washed with 
saturated aqueous sodium bicarbonate (2x100 mL) and brine 10 014 
(100 mL). The organic layers were dried over sodium sulfate 
and filtered through Celite-545. The solvents were removed 
under reduced pressure and the residue was purified by flash O 

chromatography (hexane and ethyl acetate), to provide (007) 15 Nulls o - A - 

BocNH 

r 
Ph 

(3.5 g) as characterized by LC/MS (LCRS (MH) m/z: DCM, 
520.29). N Oo C. 
Compound (008): O 

To a 0° C. solution of (007) (320 mg, 0.616 mmol) in Ph 
dichloromethane (10 mL) was added trifluoroacetic acid (10 O15 
mL) and the resulting Solution was stirred at the same tem 
perature for another hour. The organic layers were concen 
trated under reduced pressure and then placed under high 
vacuum for 2 hours to provide (008) as confirmed by LC/MS ul 

N 

BocN 

r 

(LCRS (MH) m/z: 420.24) which was used without further 25 
purification. HN 
Compound (010): 

To a 0° C. solution of (008), 5-methyl-isoxazole-3-car 
boxylic acid (009) (94 mg., 0.74 mmol), HOBT (135 mg, 1.0 
mmol) and HBTU (350 mg, 1.0 mmol) in tetrahydrofuran 30 O O16 
(100 mL) was added a solution of N,N-diisopropylethy 
lamine (0.5 mL, 2.5 mmol) in tetrahydrofuran (2 mL) over 5 
minutes. The mixture was stirred at room temperature for 
another 5 hours and then diluted with ethyl acetate (200 mL). 
It was then washed with Saturated aqueous Sodium bicarbon 
ate (2x10 mL) and brine (10 mL) and the organic layers were 
dried over sodium sulfate and filtered through Celite-545. The O17 
solvents were removed under reduced pressure and the resi- O 
due was purified by HPLC (aqueous ammonium acetate and 
acetonitrile) to provide (010) (195 mg) as characterized by 40 OM Lion (aq.) 
LC/MS (LCRS (MH) m/z: 529.26); >90% proteasome CTL Br W \ T 
inhibition at 40 mg/kg PO. N THF, rt 

N 
H 

s 
Ph 

Me NBS, (PhCo.), 
-- 

/ \ CCI, 80° C. N 
35 Me o1 
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-continued 
O 
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N- OH (016) Her 

N W \ HOBT, HBTU 
N DIEA, THF, 0° C. 
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O22 

O O 

Nulls O N 
7 N N 

H E H 

r o-N O Yph O b/ 
O23 

Compound (013): 
To a 0° C. solution of N-Boc L-leucine (011) (2.6 g., 11 

mmol), L-phenylalanine benzyl ester hydrochloride (012) 
(2.9 g, 10 mmol), HOBT (1.7g, 11 mmol) and HBTU (3.9 g, 
11 mmol) in tetrahydrofuran (200 mL) was added a solution 
of N,N-diisopropylethylamine (4.9 mL, 30 mmol) in tetrahy 
drofuran (10 mL) over 5 minutes. The mixture was stirred at 
room temperature for another 5 hours and became homog 
enous. It was then diluted with ethyl acetate (300 mL) and 
washed with saturated aqueous sodium bicarbonate (2x50 
mL) and brine (100 mL). The organic layers were dried over 
sodium sulfate and filtered through Celite-545. The solvents 
were removed under reduced pressure and the residue was 
purified by flash chromatography (hexane and ethyl acetate) 
to provide (013) (4.4 g) as characterized by LC/MS (LCRS 
(MH) m/z: 469.26). 
Compound (014): 

To a 0°C. solution of (013) (4.32g, 9.24 mmol) in tetrahy 
drofuran (100 mL) was added 10% Pd/C (500 mg). The 
resulting mixture was allowed to stir under 1 atmosphere of 
hydrogen for 4 hours. The mixture was filtered through 
Celite-545 and the filter cake was washed with tetrahydrofu 
ran. The organic filtrate was concentrated under reduced pres 
Sure and placed under high vacuum to provide (014) (3.5 g) as 
confirmed by LC/MS (LCRS (MH) m/z. 378.22) which was 
used without further purification. 
Compound (015): 

To a 0° C. solution of (014) (3.5 g., 9.24 mmol) and (006) 
(2.4g, 11 mmol), HOBT (1.7g, 11 mmol) and HBTU (3.9 g, 
11 mmol) in tetrahydrofuran (200 mL) was added a solution 
of N,N-diisopropylethylamine (4.9 mL, 30 mmol) in tetrahy 
drofuran (10 mL) over 5 minutes. The mixture was stirred at 
room temperature for another 5 hours and became homog 
enous. It was then diluted with ethyl acetate (400 mL), and 
washed with saturated aqueous sodium bicarbonate (2x100 
mL) and brine (100 mL). The organic layers were dried over 
sodium sulfate and filtered through Celite-545. The solvents 
were removed under reduced pressure and the residue was 
purified by flash chromatography (hexane and ethyl acetate), 
and the desired compound (015) (5.0 g) was isolated and 
characterized by LC/MS (LCRS (MH) m/z. 532.33). 
Compound (016): 

To a 0° C. solution of (015) (5.0 g, 9.40 mmol) in dichlo 
romethane (50 mL) was added trifluoroacetic acid (20 mL) 
over 5 minutes, and the resulting solution was stirred at the 
same temperature for another hour. The organic layers were 
concentrated under reduced pressure and placed under high 
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vacuum to provide (016) as confirmed by LC/MS (LCRS 
(MH) m/z. 432.33) which was used without further purifica 
tion. 
Compound (018): 
To a solution of methyl 5-methyl-3-isoxazolecarboxylate 

(017) (14.1 g, 100 mmol) in carbon tetrachloride (500 mL) 
was added N-bromosuccunimide (23 g, 130 mmol) and ben 
Zoyl peroxide (2.5 g. 10 mmol) at room temperature. The 
resulting mixture was stirred at 80°C. under an atmosphere of 
argon overnight. The reaction was the cooled and diluted with 
500 mL of dichloromethane and washed with saturated aque 
ous sodium bicarbonate (3x100 mL). The aqueous phase was 
extracted with 200 mL ofdichloromethane, and the combined 
organic layers were washed with brine and dried over 
MgSO. The solvents were removed and the residue was 
purified by flash chromatography (hexane and ethyl acetate) 
to provide (018) (7.9 g) which was characterized by LC/MS 
(LCRS (MH) m/z: 219.95). 
Compound (019): 
To a 0°C. solution of (018) (12g, 55 mmol) in tetrahydro 

furan (20 mL) was added aqueous lithium hydroxide (35 mL, 
4N). The resulting mixture was stirred at room temperature 
overnight. It was then acidified with hydrochloric acid (2N) to 
pH=1 and extracted with tetrahydrofuran (3x200 mL). The 
combine organic layers were washed with brine (10 mL), 
dried over sodium sulfate, and filtered. The solvents were 
removed and the residue was lyophilized to yield (019) (8.2 
g), which was confirmed by LC/MS (LCRS (MH) m/z. 
205.95) and used without further purification. 
Compound (020): 
A solution of (019) (6.0 g, 30 mmol), benzyl alcohol (3.5 

mL), and p-toluenesulfonyl acid (1.1 g, 6 mmol) in toluene 
(100 mL) was stirred at 100° C. overnight. It was then allowed 
to cool, diluted with 300 mL of ethyl acetate and washed with 
saturated aqueous Sodium bicarbonate. The aqueous phase 
was then extracted with 200 mL of ethyl acetate. The combine 
organic layers were washed with brine, dried over sodium 
sulfate, and filtered. The solvents were removed and the resi 
due was purified by flash chromatography (hexane and ethyl 
acetate), to provide (020) (5.8 g) which was characterized by 
LC/MS (LCRS (MH) m/z: 295.98). 
Compound (021): 
A solution of (020) (2.0 g. 6.8 mmol) and morpholine (3.0 

mL) in tetrahydrofuran (50 mL) was stirred at room tempera 
ture for two hours. The solvents were then removed and the 
residue was purified by flash chromatography (hexane and 
ethyl acetate/methanol) to provide (021) (820mg) which was 
characterized by LC/MS (LCRS (MH) m/z. 303.13). 
Compound (022): 
To a solution of (021) (400 mg, 1.32 mmol) in tetrahydro 

furan (40 mL) was added 10% Pd/C (100mg) and the mixture 
was stirred at room temperature under one atmosphere of 
hydrogen for 2 hours. It was then filtered through Celite and 
concentrated to give (022), which was confirmed by LC/MS 
(LCRS (MH) m/z. 213.08) and was used without further 
purification. 
Compound (023): 
To a 0°C. solution of (016) (130 mg, 0.3 mmol) and (022) 

(70 mg, 0.4 mmol), HOBT (70 mg, 0.5 mmol) and HBTU 
(170 mg, 0.5 mmol) in tetrahydrofuran (50 mL) was added a 
solution of N,N-diisopropylethylamine (0.5 mL, 2.5 mmol) 
in tetrahydrofuran (5 mL). The mixture was stirred at room 
temperature for another 5 hours and became homogenous. It 
was then diluted with ethyl acetate (200 mL) and washed with 
saturated aqueous sodium bicarbonate (2x10 mL) and brine 
(10 mL). The organic layers were dried over sodium sulfate 
and filtered through Celite-545. The solvents were removed 
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under reduced pressure and the residue was purified by HPLC 
(aqueous ammonium acetate and acetonitrile) to provide 
compound (023) (125 mg) which was characterized by 
LC/MS (LCRS (MH) m/z: 626.35); >80% proteasome CTL 
inhibition at 40 mg/kg PO. 

Example 3 

Scheme 3: Synthesis of Example 029 
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Compound (025): 
To a 0° C. solution of Fmoc-Val-OH (024) (348 mg, 1.6 

mmol) in dichloromethane (4 mL) were added MSNT (474 
mg, 1.6 mmol) and N-methyl-imidazole (0.13 mL, 1.6 
mmol). HMPB resin (400 mg, 0.32 mmol) was added once 
the mixture became homogenous. The resulting reaction mix 
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ture was allowed to shake for two hours at room temperature. 
The resin was filtered off, washed with N,N-dimethylforma 
mide (3x10 mL) and dichloromethane (3x10 mL), and was 
allowed to air dry to yield (025). 
Compound (026): 

Resin (025) was placed in a solution of 20% piperidine in 
N,N-dimethylformamide (20 ml) and the resulting mixture 
was shaken at room temperature for 1 hour. The resin was 
filtered off and washed with N,N-dimethylformamide (3x10 
mL) and dichloromethane (3x10 mL). 
To a 0° C. solution of Fmoc-Ser(OMe)-OH (546 mg, 1.6 

mmol) in N,N-dimethylformamide (4 mL) were added 
HOBT (245 mg, 1.6 mmol), HBTU (606 mg, 1.6 mmol.) and 
N,N-diisopropylethylamine (0.6 mL, 3.2 mmol). The resin 
was added once the reaction mixture became homogenous. 
The resulting mixture was allowed to shake overnight. The 
resin was then filtered off and washed with N,N-dimethylfor 
mamide (3x10 mL) and dichloromethane (3x10 mL), and 
allowed to air dry to yield (026). 
Compound (027): 

Resin (026) was placed in a solution of 20% piperidine in 
N,N-dimethylformamide (20 mL) and the resulting mixture 
was shaken at room temperature for 1 hour. The resin was 
filtered off and washed with N,N-dimethylformamide (3x10 
mL) and dichloromethane (3x10 mL). 
To a 0° C. solution of 5-methyl-isoxazole-3-carboxylic 

acid (009) (162 mg, 1.6 mmol) in N,N-dimethylformamide (4 
mL) were added HOBT (245 mg, 1.6 mmol), HBTU (606 mg, 
1.6 mmol) and N,N-diisopropylethylamine (0.6 mL, 3.2 
mmol). Once the resulting mixture became homogenous, the 
resin was added and the resulting reaction mixture was 
allowed to shake overnight. The resin was then filtered off and 
washed with N,N-dimethylformamide (3x10 mL) and 
dichloromethane (3x10 mL), and the resin was allowed to air 
dry to yield (027). 
Compound (028): 
To resin (027) was added a solution of 50% trifluoroacetic 

acid in dichloromethane (10 mL), and the resulting mixture 
was allowed to shake for 30 minutes. The resin was then 

filtered off and washed with dichloromethane (3x10 mL). The 
volatiles were removed under reduced pressure to provide 
(028) which was characterized by LC/MS (LCRS (MH) m/z: 
328.14) and used without further purification. 
Compound (029): 
To a 0°C. solution of (029) and (006) (117 mg, 0.4 mmol), 

HOBT (70 mg, 0.5 mmol) and HBTU (170 mg, 0.5 mmol) in 
tetrahydrofuran (50 mL) was added a solution of N,N-diiso 
propylethylamine (0.5 mL, 2.5 mmol) in tetrahydrofuran (5 
mL). The mixture was stirred at room temperature for another 
5 hours and became homogenous. It was then diluted with 
ethyl acetate (200 mL) and washed with saturated aqueous 
sodium bicarbonate (2x10 mL) and brine (10 mL). The 
organic layers were dried over sodium sulfate and filtered 
through Celite-545. The solvents were removed under 
reduced pressure and the residue was purified by HPLC 
(aqueous ammonium acetate and acetonitrile) to provide 
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(029) (125 mg) which was characterized by LC/MS (LCRS 
(MH) m/z: 481.26); >70% proteasome CT-L inhibition at 20 
mg/kg PO. 

Example 4 

Scheme 4: Synthesis of Example 035 
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-continued 

O 

Cr ty." O 

Compound (031): 
To a 0° C. solution of Fmoc-L-4-thiazolylalanine (030) 

(1.0 g, 2.5 mmol) in dichloromethane (4 mL) were added 
N-methyl-imidazole (150 uL, 1.9 mmol), MSNT (755 mg, 
2.55 mmol) and HMPB resin (800 mg, 0.51 mmol) was added 
once the mixture became homogenous. The resulting reaction 
mixture was allowed to shake for two hours at room tempera 
ture. The resin was then filtered off and washed with N.N- 
dimethylformamide (3x20 mL) and dichloromethane (3x20 
mL), and allowed to air dry to yield (031). 
Compound (032): 

Resin (031) (360 mg, 0.23 mmol) was placed in a solution 
of 20% piperidine in N,N-dimethylformamide (20 mL) and 
the resulting mixture was shaken at room temperature for 1 
hour. The resin was then filtered off and washed with N.N- 
dimethylformamide (3x10 mL) and dichloromethane (3x10 
mL). 
To a 0° C. solution of Fmoc-L-Leucine (204 mg. 0.58 

mmol) in N,N-dimethylformamide (4 mL) were added 
HOBT (124 mg., 0.92 mmol), HBTU (349 mg 0.92 mmol)and 
N,N-diisopropylethylamine (402 uL, 2.3 mmol). The resin 
was then added once the reaction mixture became homog 
enous. The resulting mixture was allowed to shake at 5°C. for 
five 5 hours. The resin was then filtered off and washed with 
N,N-dimethylformamide (3x20 mL) and dichloromethane 
(3x20 mL), and the resulting resin was allowed to air dry to 
yield (032). 
Compound (033): 

Resin (032) (0.23 mmol) was placed in a solution of 20% 
piperidine in N,N-dimethylformamide (20 mL) and the 
resulting mixture was shaken at room temperature for 1 hour. 
The resin was then filtered off and washed with N,N-dimeth 
ylformamide (3x10 mL) and dichloromethane (3x10 mL). 
To a 0° C. solution of (022) (123 mg 0.58 mmol) in N.N- 

dimethylformamide (4 mL) were added HOBT (124 mg. 0.92 
mmol), HBTU (349 mg 0.92 mmol) and N,N-diisopropyl 
ethylamine (402 uL., 2.3 mmol). Once the resulting mixture 
became homogenous, the resin was added and the resulting 
reaction mixture was allowed to shake at room temperature 
overnight. The resin was then filtered off, washed with N.N- 
dimethylformamide (3x10 mL) and dichloromethane (3x10 
mL), and the resulting resin was allowed to air dry to yield 
(033). 
Compound (034): 
To resin (033) was added a solution of 50% of trifluoro 

acetic acid in dichloromethane (10 mL), and the resulting 
mixture was allowed to shake for 30 minutes. It was then 
filtered off and the resin washed with dichloromethane (3x10 
mL). The volatiles were removed under reduced pressure to 
provide (34) as characterized by LC/MS (LCRS (MH) m/z. 
480.18) which was used without further purification. 
Compound (035): 
To a 0° C. solution of (034) and (006) (70 mg, 0.23 mmol), 

HOBT (50 mg, 0.37 mmol) and HBTU (140 mg, 0.37 mmol) 
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in tetrahydrofuran (50 mL) was added a solution of N.N- 
diisopropylethylamine (0.5 mL, 2.5 mmol) in tetrahydrofu 
ran (5 mL). The mixture was stirred at room temperature for 
5 hours and then diluted with ethyl acetate (200 mL). It was 
then washed with Saturated aqueous Sodium bicarbonate 
(2x10 mL) and brine (10 mL). The organic layers were dried 
over sodium sulfate and filtered through Celite-545 and the 
solvents were removed under reduced pressure. The resulting 
residue was purified by HPLC (aqueous ammonium acetate 
and acetonitrile) to provide (035) (15 mg) which was charac 
terized by LC/MS (LCRS (MH) m/z: 633.3); >90% protea 
some CT-L inhibition at 40 mg/kg PO. 

Example 5 

Scheme 5: Synthesis of Example 039 
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Compound (036): 
Resin (031) (800 mg, 0.23 mmol) was placed in a solution 

of 20% piperidine in N,N-dimethylformamide (20 mL) and 
the resulting mixture was shaken at room temperature for 1 
hour. The resin was filtered off and washed with N,N-dim 
ethylformamide (3x10 mL) and dichloromethane (3x10 mL). 
To a 0° C. solution of Fmoc-L-Ser(OMe)-OH (435 mg, 1.3 

mmol) in N,N-dimethylformamide (10 mL) were added 
HOBT (276 mg, 2.0 mmol), HBTU (710 mg, 2.0 mmol) and 
N,N-diisopropylethylamine (0.9 mL, 5.1 mmol). The resin 
was then added once the reaction mixture became homog 
enous. The resulting mixture was allowed to shake at 5°C. for 
5 hours. The resin was then filtered off and washed with 
N,N-dimethylformamide (3x20 mL) and dichloromethane 
(3x20 mL) and allowed to air dry to yield (036). 
Compound (037): 

Resin (036) was placed in a solution of 20% piperidine in 
N,N-dimethylformamide (20 mL) and the resulting mixture 
was shaken at room temperature for 1 hour. The resin was 
filtered off and washed with N,N-dimethylformamide (3x20 
mL) and dichloromethane (3x20 mL). 
To a 0° C. solution of (009) (162 mg, 1.3 mmol) in N.N- 

dimethylformamide (4 mL) were added HOBT (276 mg, 2.0 
mmol), HBTU (710 mg, 2.0 mmol) and N,N-diisopropyl 
ethylamine (0.9 mL, 5.1 mmol). Once the resulting mixture 
became homogenous, the resin was added and the resulting 
reaction mixture was allowed to shake at room temperature 
overnight. The resin was then filtered off, washed with N.N- 
dimethylformamide (3x10 mL) and dichloromethane (3x10 
mL), and allowed to air dry to yield (037). 
Compound (038): 
To (037) was added a solution of 50% of trifluoroacetic 

acid in dichloromethane (10 mL), and the resulting mixture 
was allowed to shake for 30 minutes. The resin was then 
filtered off and washed with dichloromethane (3x10 mL). The 
volatiles were removed under reduced pressure to provide 
(38) which was characterized by LC/MS (LCRS (MH) m/z: 
383.09) and used without further purification. 
Compound (039): 
To a 0° C. solution of (038) and (006) (156 mg, 0.51 mmol), 

HOBT (111 mg,0.82 mmol) and HBTU (311 mg,0.82 mmol) 
in tetrahydrofuran (50 mL) was added a solution of N.N- 
diisopropylethylamine (0.5 mL, 2.5 mmol) in tetrahydrofu 
ran (5 mL). The mixture was stirred at room temperature for 
5 hours and became homogenous. It was then diluted with 
ethyl acetate (200 mL) and washed with saturated aqueous 
sodium bicarbonate (2x10 mL) and brine (10 mL). The 
organic layers were dried over sodium sulfate and filtered 
through Celite-545. The solvents were removed under 
reduced pressure and the residue was purified by HPLC 
(aqueous ammonium acetate and acetonitrile) to provide 
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(039) (22 mg) which was characterized by LC/MS (LCRS 
(MH) m/z: 536.21); >75% proteasome CT-L inhibition at 20 
mg/kg PO. 

Example 6 

Scheme 6: Synthesis of Example 045 (approach A) 

OH HMPB resin 

FmocHN DIEA, HOBT 
HBTU, DMF 

O 

O40 
O 

1.20% Piperidine 
Hos 

2. Fmoc-Ser(OMe)-OH 
DIEA, HOBT 
HBTU, DMF 

1.20% Piperidine 
-e- 

2. DIEA, HOBT 
HBTU, DMF 

(009) 

FmocHN 

TFA 

DCM, 
Oo C. 7 N 

(006), 
HOBT, 
HBTU 

DIEA, 
THF, 
Oo C. /7 

e 

OO NN uls NO 
H 

O 

O 

04.5 

Compound (041): 
To a 0° C. solution of Fmoc-L-alanine (040) (1.0 g, 3.2 

mmol) in dichloromethane (30 mL) were added N-methyl 
imidazole (190 uL. 12.4 mmol), MSNT (950 mg, 3.2 mmol), 
and HMPB resin (1.0 g, 0.64 mmol) which was then added 
once mixture became homogenous. The resulting reaction 
mixture was allowed to shake for two hours at room tempera 
ture. The resin was then filtered off and washed with N.N- 
dimethylformamide (3x20 mL) and dichloromethane (3x20 
mL) to yield (041). 
Compound (042): 

Resin (041) was placed in a solution of 20% piperidine in 
N,N-dimethylformamide (20 mL) and the resulting mixture 
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52 
was shaken at room temperature for 1 hour. The resin was 
filtered off and washed with N,N-dimethylformamide (3x20 
mL) and dichloromethane (3x20 mL). 
To a 0° C. solution of Fmoc-Ser(OMe)-OH (546 mg, 1.6 

mmol) in N,N-dimethylformamide (10 mL) were added 
HOBT (346 mg, 2.6 mmol), HBTU (970 mg 2.6 mmol) and 
N,N-diisopropylethylamine (1.1 mL, 6.4 mmol). The resin 
was then added once the reaction mixture became homog 
enous. The resulting mixture was allowed to shake at 5°C. for 
5 hours. The resin was then filtered off and washed with 
N,N-dimethylformamide (3x20 mL) and dichloromethane 
(3x20 mL), and allowed to air dry to yield (042). 
Compound (043): 

Resin (042) (0.23 mmol) was placed in a solution of 20% 
piperidine in N,N-dimethylformamide (20 mL) and the 
resulting mixture was shaken at room temperature for 1 hour. 
The resin was filtered off and washed with N,N-dimethylfor 
mamide (3x10 mL) and dichloromethane (3x10 mL). 
To a 0° C. solution of (009) (203 mg, 1.6 mmol) in N.N- 

dimethylformamide (10 mL) were added HOBT (346 mg, 2.6 
mmol), HBTU (970 mg, 2.6 mmol) and N,N-diisopropyl 
ethylamine (1.1 mL, 6.4 mmol). Once the resulting mixture 
became homogenous, the resin was added and the resulting 
reaction mixture was allowed to shake at room temperature 
overnight. The resin was then filtered off, washed with N.N- 
dimethylformamide (3x20 mL) and dichloromethane (3x20 
mL), and allowed to air dry to yield (043). 
Compound (044): 
To (043) was added a solution of 50% of trifluoroacetic 

acid in dichloromethane (10 mL), and the resulting mixture 
was allowed to shake for 30 minutes. The resin was then 
filtered off and washed with dichloromethane (3x10 mL). The 
volatiles were removed under reduced pressure to provide 
(044) which was characterized by LC/MS (LCRS (MH) m/z: 
300.11) and used without further purification. 
Compound (045): 
To a 0°C. solution of aforementioned intermediates (044) 

and (006) (195 mg, 0.64 mmol), HOBT (137 mg, 1.0 mmol) 
and HBTU (357 mg, 1.0 mmol) in tetrahydrofuran (50 mL) 
was added a solution of N,N-diisopropylethylamine (0.5 mL, 
2.5 mmol) in tetrhydrofuran (5 mL). The mixture was stirred 
at room temperature for 4 hours. It was then diluted with ethyl 
acetate (200 mL) and washed with Saturated aqueous sodium 
bicarbonate (2x10 mL) and brine (10 mL). The organic layers 
were dried over sodium sulfate and filtered through Celite 
545. The solvents were removed under reduced pressure and 
the residue was purified by HPLC (aqueous ammonium 
acetate and acetonitrile) to provide (045) (84 mg) which was 
characterized by LC/MS (LCRS (MH) m/z: 453.23); >80% 
proteasome CT-L inhibition at 20 mg/kg PO. 

Example 7 

Scheme 7: Synthesis of Example 045 (approach B) 
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Compound (047): 
To a 0° C. solution of N-Boc-serine(methyl ether) (001) 

(6.57 g., 33 mmol), L-alanine benzyl ester hydrochloride 
(046) (6.45 g, 30 mmol), HOBT (5.05 g, 33 mmol) and HBTU 
(11.8 g. 33 mmol) in tetrahydrofuran (400 mL) was added a 
solution of N,N-diisopropylethylamine (9.0 g, 70 mmol) in 
tetrahydrofuran (50 mL) over 10 minutes. The mixture 
became homogenous and was stirred at room temperature for 
another 5 hours. Most of the solvent was then removed under 
reduced pressure and the resulting material diluted with ethyl 
acetate (500 mL). It was washed with saturated aqueous 
sodium bicarbonate (2x150 mL) and brine (200 mL) and the 
organic layers were dried over sodium sulfate and filtered 
through Celite-545. The solvents were removed under 
reduced pressure and the residue was purified by flash chro 
matography (hexane and ethyl acetate) to provide (047) (11.8 
g) which was characterized by LC/MS (LCRS (MH) m/z. 
381.19). 
Compound (048): 

To a 0°C. solution of (047) (11.8 g. 31.0 mmol) in dichlo 
romethane (100 mL) was added trifluoroacetic acid (50 mL) 
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over 10 minutes, and the resulting mixture was stirred at the 
same temperature for another 3 hours. The solvents were then 
removed under reduced pressure and the residue was placed 
under high vacuum overnight to provide the TFA salt of (048), 
which was characterized by LC/MS (LCRS (MH) m/z. 
281.15) and was used without further purification. 
Compound (049): 
To a 0° C. solution of (048), 5-methyl-isoxazole-3-car 

boxylic acid (009)(3.93g,31 mmol), HOBT (4.7g,35 mmol) 
and HBTU (12.5g, 35 mmol) in tetrahydrofuran (400 mL) 
was added a solution of N,N-diisopropylethylamine (20 mL) 
in tetrahydrofuran (100 mL) over 10 minutes, and the pH of 
the resulting mixture was -8. The mixture was stirred at room 
temperature for another 5 hours. Most of the solvent was then 
removed under reduced pressure and diluted with ethyl 
acetate (1.0 L). It was then washed with Saturated aqueous 
sodium bicarbonate (2x100 mL) and brine (100 mL) and the 
organic layers were dried over sodium sulfate and filtered 
through Celite-545. The solvents were removed under 
reduced pressure and residue was purified by flash chroma 
tography (hexane and ethyl acetate) to provide (O49) (10.8 g) 
which was characterized by LC/MS (LCRS (MH) m/z. 
390.16). 
Compound (044): 
To a 0°C. solution of (O49) (3.28 g, 8.4 mmol) in tetrahy 

drofuran (100 mL) was added 10% Pd/C (500 mg). The 
resulting mixture was allowed to stir under 1 atmosphere of 
hydrogen for 4 hours. The mixture was then filtered through 
Celite-545 and the filter cake was washed with tetrahydrofu 
ran. The organic filtrate was concentrated under reduced pres 
sure and placed under high vacuum for 2 hrs to yield (044), 
which was characterized by LC/MS (LCRS (MH) m/z. 
281.15) and was used without further purification. 
Compound (045): 
To a 0° C. solution of (044) and (006) (1.9 g, 8.5 mmol), 

HOBT (2.0 g, 13 mmol) and HBTU (5.4g, 14 mmol) in 
tetrahydrofuran (200 mL) was added a solution of N,N-diiso 
propylethylamine (5.4 g. 42 mmol) in tetrahydrofuran (10 
mL). The mixture was stirred at room temperature for another 
5 hours. Most of the solvent was then removed under reduced 
pressure and the resulting material diluted with ethyl acetate 
(400 mL). It was then washed with saturated aqueous sodium 
bicarbonate (2x50 mL) and brine (50 mL) and the organic 
layers were dried over sodium sulfate and filtered through 
Celite-545. The solvents were removed under reduced pres 
Sure and residue was purified by HPLC (aqueous ammonium 
acetate and acetonitrile) to provide (045) (1.35 g) which was 
characterized by LC/MS (LCRS (MH) m/z. 453.23). 

Example 8 

Scheme 8: Synthesis of Example 055 
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Compound (051): 
To a 0°C. solution of N-Boc-L-2-pyridylalanine (050) (1.0 

g, 3.76 mmol), L-phenylalanine benzyl ester hydrochloride 
(002) (1.3 g 3.76 mmol), HOBT (0.68 g, 5.0 mmol) and 
HBTU (1.8 g. 5.0 mmol) in tetrahydrofuran (100 mL) was 
added a solution of N,N-diisopropylethylamine (1.6 mL) in 
tetrahydrofuran (10 mL). The mixture was stirred at room 
temperature for another 3 hours and then diluted with ethyl 
acetate (200 mL), washed with Saturated aqueous Sodium 
bicarbonate (2x50 mL) and brine (100 mL) and the organic 
layers were dried over sodium sulfate and filtered through 
Celite-545. The solvent was removed under reduced pressure 
and the residue was purified by flash chromatography (hexane 
and ethyl acetate) to provide (051) (1.45 g) which was char 
acterized by LC/MS (LCRS (MH) m/z: 504.24). 
Compound (052): 
To a 0° C. solution of (051) in tetrahydrofuran (100 mL) 

was added 10% Pd/C (100 mg) and the resulting mixture was 
allowed to stir under 1 atmosphere of hydrogen for 4 hours. 
The mixture was then filtered through Celite-545 and the filter 
cake was washed with tetrahydrofuran. The organic filtrate 
was then concentrated under reduced pressure and placed 
under high vacuum to provide (052) by LC/MS (LCRS (MH) 
m/Z: 414.2) which was used without further purification. 
Compound (053): 
To a 0° C. solution of (052) and (006) (0.85g, 3.9 mmol), 

HOBT (0.70 g, 5.3 mmol) and HBTU (1.70 g, 4.9 mmol) in 
tetrahydrofuran (100 mL) was added a solution of N,N-diiso 
propylethylamine (3 mL) in tetrahydrofuran (10 mL) and the 
mixture was stirred at room temperature overnight. It was 
then diluted with ethyl acetate (200 mL) and washed with 
saturated aqueous sodium bicarbonate (2x50 mL) and brine 
(50 mL). The organic layers were dried over sodium sulfate 
and filtered through Celite-545, and the solvents were 
removed under reduced pressure and the residue was purified 
by flash chromatography (hexane and ethyl acetate) and 
HPLC (aqueous ammonium acetate and acetonitrile) to pro 
vide (053) (1.51 g) which was characterized by LC/MS 
(LCRS (MH) m/z: 567.21). 
Compound (054): 
To a 0° C. solution of (053) (200 mg, 0.352 mmol) in 

dichloromethane (10 mL) was added trifluoroacetic acid (10 
mL), and the resulting solution was stirred at the same tem 
perature for another hour. The solution was concentrated 
under reduced pressure and placed under high vacuum to 
provide (054) as confirmed by LC/MS (LCRS (MH) m/z. 
467.26) which was used without further purification. 
Compound (055): 
To a 0° C. solution of (054) and 5-methyl-isoxazole-3- 

carboxylic acid (009) (127 mg, 1.0 mmol), HOBT (135 mg. 
1.0 mmol) and HBTU (350 mg, 1.0 mmol) in tetrahydrofuran 
(100 mL) was added a solution of N,N-diisopropylethy 
lamine (0.5 mL) in tetrahydrofuran (2 mL). The mixture was 
stirred at room temperature for 5 hours. It was then diluted 
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with ethyl acetate (200 mL) and washed with saturated aque 
ous sodium bicarbonate (2x10 mL) and brine (10 mL). The 
organic layers were dried over sodium sulfate and filtered 
through Celite-545, the solvents were removed under reduced 
pressure and the residue was purified by HPLC (aqueous 
ammonium acetate and acetonitrile) to provide (055) (40 mg) 
which was characterized by LC/MS (LCRS (MH) m/z. 
576.27); >80% proteasome CT-L inhibition at 20 mg/kg PO. 

Example 9 

Scheme 9: Synthesis of Example 061 
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Compound (057): 
To a 0°C. solution of N-Boc-L-n-valine (056) (1.0 g, 4.6 

mmol), L-phenylalanine benzyl ester hydrochloride (002) 
(1.4g, 4.6 mmol), HOBT (1.0g, 7.4 mmol) and HBTU (2.8 g. 
7.4 mmol) in tetrahydrofuran (100 mL) was added a solution 
of N,N-diisopropylethylamine (3.2 mL, 18.4 mmol) in tet 
rahydrofuran (10 mL). The mixture was stirred at room tem 
perature for 3 hours and then diluted with ethyl acetate (200 
mL), washed with Saturated aqueous sodium bicarbonate 
(2x50 mL) and brine (100 mL), and the organic layers were 
dried over sodium sulfate and filtered through Celite-545. The 
Solvent was removed under reduced pressure and the residue 
was purified by flash chromatography (hexane and ethyl 
acetate) to provide (057) which was characterized by LC/MS 
(LCRS (MH) m/z:455.25). 
Compound (058): 
To a 0° C. solution of (057) (1.30g, 2.875 mmol) in tet 

rahydrofuran (100 mL) was added 10% Pd/C (100 mg). The 
resulting mixture was allowed to stir under 1 atmosphere of 
hydrogen for 4 hours. The mixture was filtered through 
Celite-545 and the filter cake was washed with tetrahydrofu 
ran. The filtrate was then concentrated under reduced pres 
Sure and placed under high vacuum to provide (058) as con 
firmed by LC/MS (LCRS (MH) m/z. 365.2) which was used 
without further purification. 
Compound (059): 
To a 0° C. solution of (058) and (006) (0.99 g, 4.6 mmol), 

HOBT (0.62g, 4.6 mmol) and HBTU (1.70 g, 4.9 mmol) in 
tetrahydrofuran (100 mL) was added a solution of N,N-diiso 
propylethylamine (2.4 mL) in tetrahydrofuran (10 mL). The 
mixture was stirred at room temperature overnight and was 
then diluted with ethyl acetate (200 mL) and washed with 
saturated aqueous sodium bicarbonate (2x50 mL) and brine 
(50 mL). The organic layers were dried over sodium sulfate 
and filtered through Celite-545. The solvents were then 
removed under reduced pressure and the residue was purified 
by HPLC (aqueous ammonium acetate and acetonitrile) to 
provide (059) (1.21 g) which was characterized by LC/MS 
(LCRS (MH) m/z: 518.32). 
Compound (060): 
To a 0° C. solution of (059) (250 mg, 0.48 mmol) in 

dichloromethane (10 mL) was added trifluoroacetic acid (10 
mL), and the resulting solution was stirred at the same tem 
perature for another hour. The organic layers were concen 
trated under reduced pressure and placed under high vacuum 
to provide (060) as confirmed by LC/MS (LCRS (MH) m/z. 
418.26) which was used without further purification. 
Compound (061): 
To a 0°C. solution of (060) and (022) (122 mg, 0.58 mmol), 

HOBT (104 mg., 0.77 mmol) and HBTU (292 mg, 0.72mmol) 
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in tetrahydrofuran (100 mL) was added a solution of N.N- 
diisopropylethylamine (0.35 mL) in tetrahydrofuran (2 mL) 
and the mixture was stirred at room temperature for another 4 
hours. It was then diluted with ethyl acetate (200 mL) and 
washed with saturated aqueous sodium bicarbonate (2x10 
mL) and brine (10 mL). The organic layers were dried over 
sodium sulfate and filtered through Celite-545. The solvents 
were removed under reduced pressure and the residue was 
purified by HPLC (aqueous ammonium acetate and acetoni 
trile) to provide (061) (88.4 mg) which was characterized by 
LC/MS (LCRS (MH) m/z: 612.33); >80% proteasome CTL 
inhibition at 40 mg/kg PO. 

Example 10 

Scheme 10: Synthesis of Example 068 
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Compound (063): 
To a 0° C. solution of N-Boc-HoSer(OMe)-OH (062) (1.0 

g, 4.3 mmol), L-phenylalanine benzyl ester hydrochloride 
(002) (1.3g, 4.3 mmol), HOBT (0.88 g. 6.5 mmol) and HBTU 
(2.3 g. 6.5 mmol) in tetrahydrofuran (100 mL) was added a 
solution of N,N-diisopropylethylamine (2.0 mL) in tetrahy 
drofuran (5 mL). The mixture was stirred at room temperature 
for another 3 hours and then diluted with ethyl acetate (200 
mL) and washed with Saturated aqueous sodium bicarbonate 
(2x50 mL) and brine (100 mL). The organic layers were dried 
over sodium sulfate and filtered through Celite-545. The sol 
vents were removed under reduced pressure and the residue 
was purified by flash chromatography (hexane and ethyl 
acetate) to provide (063) (1.81 g) which was characterized by 
LC/MS (LCRS (MH) m/z: 471.24). 
Compound (064): 
To a 0° C. solution of (063) (1.35g, 2.875 mmol) in tet 

rahydrofuran (100 mL) was added 10% Pd/C (100 mg). The 
resulting mixture was allowed to stir under 1 atmosphere of 
hydrogen for 4 hours. The mixture was filtered through 
Celite-545 and the filter cake was washed with tetrahydrofu 
ran. The organic filtrate was concentrated under reduced pres 
Sure and placed under high vacuum to provide (064) as con 
firmed by LC/MS (LCRS (MH) m/z:381.19) which was used 
without further purification. 
Compound (065): 
To a 0° C. solution of (065) and (006) (0.99 g, 4.6 mmol), 

HOBT (0.62g, 4.6 mmol) and HBTU (1.70 g, 4.9 mmol) in 
tetrahydrofuran (100 mL) was added a solution of N,N-diiso 
propylethylamine (2.4 mL) in tetrahydrofuran (10 mL). The 
mixture was stirred at room temperature overnight and then 
diluted with ethyl acetate (200 mL) and washed with satu 
rated aqueous sodium bicarbonate (2x50 mL) and brine (50 
mL). The organic layers were dried over Sodium sulfate and 
filtered through Celite-545. The solvents were removed under 
reduced pressure and the residue was purified by HPLC 
(aqueous ammonium acetate and acetonitrile) to provide 
(065) (1.1.1 g) which was characterized by LC/MS (LCRS 
(MH) m/z: 534.31). 
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Compound (066): 
To a 0° C. solution of (065) (230 mg, 0.43 mmol) in 

dichloromethane (20 mL) was added trifluoroacetic acid (10 
mL), and the resulting solution was stirred at the same tem 
perature for another one hour. The reaction mixture was then 
concentrated under reduced pressure and placed under high 
vacuum to provide (066) as confirmed by LC/MS (LCRS 
(MH) m/z: 434.26) which was used without further purifica 
tion. 
Compound (068): 

To a 0° C. solution of (066) and 5-isopropylisoxazole-3- 
carboxylic acid (067) (81 mg 0.52 mmol), HOBT (93 mg, 
0.69 mmol) and HBTU (262 mg, 0.69 mmol) in tetrahydro 
furan (100 mL) was added a solution of N,N-diisopropylethy 
lamine (0.30 mL) in tetrahydrofuran (2 mL) and the mixture 
was stirred at room temperature for another 4 hours. It was 
then diluted with ethyl acetate (200 mL) and washed with 
saturated aqueous sodium bicarbonate (2x10 mL) and brine 
(10 mL). The organic layers were dried over sodium sulfate 
and filtered through Celite-545. The solvents were removed 
under reduced pressure and the residue was purified by HPLC 
(aqueous ammonium acetate and acetonitrile) to provide 
(068) (75.7 mg) which was characterized by LC/MS (LCRS 
(MH) m/z: 571.31); >70% proteasome CT-L inhibition at 40 
mg/kg PO. 

Example 11 

Scheme 11: Synthesis of Example 075 (approach A) 
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Compound (070): 
To a solution of L-serine (methyl ether) hydrochloride 

(069) (1.0 g. 6.4 mmol) in water/dioxane (1:1, 80 ml) was 
added sodium hydroxide (768 mg, 19.2 mmol). After the 
mixture was stirred at room temperature for 30 minutes, it was 
cooled to 0°C., and a solution of 9-fluorenylmethyl chloro 
formate (1.65 g. 6.4 mmol) in dioxane (16 mL) was added 
dropwisely. The reaction mixture was allowed to stir at room 
temperature for another 4 hours. The solvents were then 
removed, the residue was diluted with water and the pH was 
adjusted to ~1 with 1N HCl, and the aqueous layer was 
extracted with ethyl acetate (4x100 mL). The organic layers 
were concentrated under reduced pressure and placed under 
high vacuum to provide (070) (1.8 g) as confirmed by LC/MS 
(LCRS (MH) m/z: 342.13) which was used without further 
purification. 
Compound (071): 
The resin HMPB-BHA (500 mg, 0.32 mmol) was washed 

with dichloromethane. In a dry flask, Fmoc-Ser(Me)-OH 
(070) (546 mg, 1.6 mmol) was dissolved in dichloromethane 
and to the solution was added 1-methylimidazole (95 uL. 1.2 
mmol) followed by MSNT (474 mg, 1.6 mmol). Once the 
resulting mixture had become homogenous (10 minutes) it 
was added to the HMPB-BHA resin as a suspension indichlo 
romethane (5 mL). The resulting reaction mixture was 
allowed to shake overnight. The resin was then filtered off and 
washed with DMF (3x20 mL), MeOH (3x20 mL), DCM 
(3x20 mL), and allowed to air dry to yield (071). 
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Compound (072): 
Resin (071) (300 mg, 0.192 mmol) was placed in a solution 

of 20% piperidine in N,N-dimethylformamide (20 mL) and 
the resulting mixture was shaken at room temperature for 30 
minutes. The resin was filtered off and washed with N.N- 
dimethylformamide (3x20 mL) and dichloromethane (3x20 
mL) twice. 

To a 0° C. solution of Fmoc-Ser(Me)-OH (070) (0.48 
mmol. 163 mg) in N,N-dimethylformamide (10 mL) was 
added HOBT (104 mg., 0.77 mmol), HBTU (291 mg, 0.77 
mmol) and diisopropylethylamine (0.34 mL, 1.92 mmol). 
Once the resulting mixture became homogenous, the resin 
(0.13 mmol. 200 mg) was added and the resulting reaction 
mixture was allowed to shake overnight. The resin was then 
filtered off and washed with DMF (10 mL), DCM (10 mL), 
MeOH (10 mL), HO (10 mL), DMF (10 mL), MeOH (10 
mL), and DCM (10 mL), and allowed to air dry to yield (072). 
Compound (073): 

To (072) (300 mg, 0.19 mmol) was added a solution of 20% 
piperidine in N,N-dimethylformamide (20 mL) and the 
resulting mixture was shaken at room temperature for 30 
minutes. The resin was filtered off and washed with N.N- 
dimethylformamide (3x20 mL) and dichloromethane (3x20 
mL) twice. 

To a 0° C. solution of (009) (61 mg, 0.48 mmol) in N,N- 
dimethylformamide (2 mL) was added HOBT (104 mg. 0.77 
mmol), HBTU (291 mg 0.77 mmol) and N,N-diisopropyl 
ethylamine (0.34 mL, 1.92 mmol). Once the resulting mixture 
became homogenous, the resin (300 mg, 0.192 mmol) was 
added and the resulting reaction mixture was allowed to shake 
at room temperature overnight. The resin was then filtered off, 
washed with DMF (10 mL), DCM (10 mL), MeOH (10 mL), 
HO (10 mL), DMF (10 mL), MeOH (10 mL), and DCM (10 
mL), and allowed to air dry to yield (073). 
Compound (074): 

To (073) was added a solution of 50% of trifluoroacetic 
acid in dichloromethane (10 mL), and the resulting mixture 
was allowed to shake for 30 minutes. The resin was then 

filtered off and washed with dichloromethane (3x10 mL). The 
volatiles were removed under reduced pressure, and the 
desired compound (074) was characterized by LC/MS 
(LCRS (MH) m/z. 330.12) and used without further purifica 
tion. 

Compound (075): 
To a 0° C. solution of (074) and (006) (78 mg, 0.38 mmol), 

HOBT (41 mg, 0.30 mmol) and HBTU (116 mg, 0.30 mmol) 
in acetonitrile (50 mL) was added a solution of N,N-diisopro 
pylethylamine (0.1 mL, 0.6 mmol). The mixture was stirred at 
0-4°C. overnight and then diluted with ethyl acetate (200 
mL). It was then washed with Saturated aqueous sodium 
bicarbonate (2x10 mL) and brine (10 mL) and the organic 
layers were dried over sodium sulfate and filtered through 
Celite-545. The solvents were removed under reduced pres 
sure and the residue was purified by HPLC (aqueous ammo 
nium acetate and acetonitrile) to provide (075) (29 mg) which 
was characterized by LC/MS (LCRS (MH) m/z. 
483.24); >80% proteasome CT-L inhibition at 20 mg/kg PO. 
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Example 12 

Scheme 12: Synthesis of Example 075 (approach B) 
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Compound (076): 
To a 0° C. solution of N-Boc serine(methyl ether)-OH 

(43.8 g. 200 mmol), triethylamine (26.5g, 260 mmol) and 
4-(dimethylamino)pyridine in dichloromethane (1.2 L) was 
added a solution of benzyl chloroformate (41 g, 240 mmol) in 
dichloromethane (250 mL) over 30 minutes and the resulting 
mixture was stirred at the same temperature for another 3 
hours. Saturated aqueous sodium bicarbonate (200 mL) was 
then added and the organic layer was washed with Saturated 
aqueous sodium bicarbonate (200 mL) and brine (200 mL). 
The organic layers were dried over sodium sulfate and filtered 
through Celite-545. The solvents were removed under 
reduced pressure and residue was purified by flash chroma 
tography (hexane and ethyl acetate) to provide (076) (54 g) 
which was characterized by LC/MS (LCRS (MH) m/z. 
310.16). 
Compound (077): 

To a 0°C. solution of (076) (54g, 174.6 mmol) in dichlo 
romethane (200 mL) was added trifluoroacetic acid (200 mL) 
over 10 minutes, and the resulting mixture was stirred at the 
same temperature for another 3 hours. The solvents were then 
removed under reduced pressure and the residue was placed 
under high vacuum overnight giving the TFA salt of (077), 
confirmed by LC/MS (LCRS (MH) m/z: 210.11), and was 
used without further purification. 
Compound (078): 

To a 0° C. solution of (077) (43.8 g. 200 mmol), N-Boc 
serine(methyl ether)-OH (36.7g, 167 mmol), HOBT (27 g, 
200 mmol) and HBTU (71.4g, 200 mmol) in tetrahydrofuran 
(1.2 L) was added a solution of N,N-diisopropylethylamine 
(75 g. 600 mmol) in tetrahydrofuran (250 mL) over 10 min 
utes, and pH of the resulting mixture was -8. The mixture was 
stirred at room temperature for another 5 hours. Most of the 
solvent was then removed under reduced pressure and the 
resulting material diluted with ethyl acetate (1.0 L). It was 
then washed with Saturated aqueous Sodium bicarbonate 
(2x150 mL) and brine (200 mL) and the organic layers were 
dried over sodium sulfate and filtered through Celite-545. The 
Solvents were removed under reduced pressure and residue 
was purified by flash chromatography (hexane and ethyl 
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acetate) to provide (078) (65 g) which was characterized by 
LC/MS (LCRS (MH) m/z.: 411.21). 
Compound (079): 
To a 0°C. solution of (079) (13.4g, 32.7 mmol) in tetrahy 

drofuran (300 mL) was added 10% Pd/C (2.7 g) and the 
resulting mixture was allowed to stir under 1 atmosphere of 
hydrogen for 4 hours. The mixture was filtered through 
Celite-545 and the filter cake was washed with tetrahydrofu 
ran. The organic layers were concentrated under reduced 
pressure and placed under high vacuum to provide (079) as 
confirmed by LC/MS (LCRS (MH) m/z. 321.16) which was 
used without further purification. 
Compound (080): 
To a 0° C. solution of (079) and (006) (5.6 g., 26 mmol), 

HOBT (6.0 g, 41.4 mmol) and HBTU (14.8 g., 41.4 mmol) in 
tetrahydrofuran (400 mL) was added a solution of N,N-diiso 
propylethylamine (23 mL) in tetrahydrofuran (40 mL) and 
the mixture was stirred at room temperature overnight. Most 
of the solvent was then removed under reduced pressure and 
the resulting material diluted with ethyl acetate (500 mL) and 
washed with saturated aqueous sodium bicarbonate (2x100 
mL) and brine (100 mL). The organic layers were dried over 
sodium sulfate and filtered through Celite-545. The solvents 
were removed under reduced pressure and the residue was 
purified by flash chromatography (hexane and ethyl acetate) 
to provide (080) (9.2 g) which was characterized by LC/MS 
(LCRS (MH) m/z: 474.27). 
Compound (081): 
To a 0° C. solution of (080) (200 mg, 0.43 mmol) in 

dichloromethane (10 mL) was added trifluoroacetic acid (10 
mL), and the resulting solution was stirred at the same tem 
perature for another hour. The organic layers were concen 
trated under reduced pressure and placed under high vacuum 
to provide (081) as confirmed by LC/MS (LCRS (MH) m/z. 
374.22) which was used without further purification. 
Compound (075): 
To a 0° C. solution of (081) and 5-methyl-isoxazole-3- 

carboxylic acid (009) (65 mg, 0.5 mmol), HOBT (65 mg, 0.5 
mmol) and HBTU (175 mg. 0.5 mmol) in tetrahydrofuran (50 
mL) was added a solution of N,N-diisopropylethylamine (0.5 
mL) in tetrahydrofuran (2 mL) and the mixture was stirred at 
room temperature for another 5 hours. It was then diluted with 
ethyl acetate (200 mL) and washed with saturated aqueous 
sodium bicarbonate (2x10 mL) and brine (10 mL). The 
organic layers were dried over sodium sulfate and filtered 
through Celite-545. The solvents were removed under 
reduced pressure and the residue was purified by HPLC 
(aqueous ammonium acetate and acetonitrile) to provide 
(075) (85 mg) which was characterized by LC/MS (LCRS 
(MH) m/z. 483.24). 
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Scheme 13: Synthesis of Example 083 
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Compound (083): 
To a 0° C. solution of (081) (160 mg, 0.43 mmol) and 

isoxazole-3-carboxylic acid (082) (60 mg. 0.5 mmol), HOBT 
(65 mg. 0.5 mmol) and HBTU (175 mg 0.5 mmol) in tetrahy 
drofuran (50 mL) was added a solution of N,N-diisopropyl 
ethylamine (0.5 mL) in tetrahydrofuran (2 mL) and the mix 
ture was stirred at room temperature for another 5 hours. It 
was then diluted with ethyl acetate (200 mL) and washed with 
saturated aqueous sodium bicarbonate (2x10 mL) and brine 
(10 mL). The organic layers were dried over sodium sulfate 
and filtered through Celite-545. The solvents were removed 
under reduced pressure and the residue was purified by HPLC 
(aqueous ammonium acetate and acetonitrile) to provide 
(083) (74 mg) which was characterized by LC/MS (LCRS 
(MH) m/z: 469.22); >80% proteasome CT-L inhibition at 20 
mg/kg PO. 

Example 14 
Scheme 14: Synthesis of Example 085 

OMe 
O 

HN N 
H 

O O YoMe 
O81 

Scheme 15: Synthesis of Example 088 
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Compound (085): 

To a 0° C. solution of (081) (160 mg, 0.43 mmol) and 
isoxazole-3-carboxylic acid (084) (65 mg. 0.5 mmol), HOBT 
(65 mg, 0.5 mmol) and HBTU(175 mg, 0.5 mmol) intetrahy 
drofuran (50 mL) was added a solution of N,N-diisopropyl 
ethylamine (0.5 mL) in tetrahydrofuran (2 mL) and the mix 
ture was stirred at room temperature for another 5 hours. The 
reaction was then diluted with ethyl acetate (200 mL) and 
washed with saturated aqueous sodium bicarbonate (2x10 
mL) and brine (10 mL). The organic layers were dried over 
sodium sulfate and filtered through Celite-545. The solvents 
were removed under reduced pressure and the residue was 
purified by HPLC (aqueous ammonium acetate and acetoni 
trile) to provide (085) (71 mg) which was characterized by 
LC/MS (LCRS (MH) m/z. 483.24); >50% proteasome CT-L 
inhibition at 20 mg/kg PO. 
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Compound (087): 
To a solution of (086) (prepared using the same procedure 

as (005) except that Cbz-phenylalanine was substituted for 
Cbz-Leucine) (0.100 g, 0.0295 mmol) in trifluoroacetic acid 
(10 mL) was added 10% Pd/C (20 mg). The resulting mixture 
was allowed to stir under 1 atmosphere of hydrogen for 6 
hours. The mixture was then filtered through Celite-545 and 
the filter cake washed with dichloromethane (50 mL). The 
filtrate was concentrated under reduced pressure and placed 
under high vacuum overnight to provide (087) as confirmed 
by LC/MS (LCRS (MH) m/z: 206.1) which was used in the 
Subsequent transformation without further purification. 
Compound (088): 

Scheme 16: Synthesis of Example 091 
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Compound (090): 
To a solution of (089) (prepared using the same procedure 

as for (005) except that Cbz-4-fluorophenylalanine was sub 
stituted for Cbz-leucine) (0.100 g, 0.28 mmol) in trifluoro 
acetic acid (10 mL) was added 10% Pd/C (20 mg). The 
resulting mixture was allowed to stir under 1 atmosphere of 
hydrogen for 6 hours. The mixture was filtered through 
Celite-545 and the filter cake washed with dichloromethane 
(50 mL). The filtrate was concentrated under reduced pres 
Sure and placed under high vacuum overnight to provide 
(090) as confirmed by LC/MS (LCRS (MH) m/z: 224.1) 
which was used in the Subsequent transformation without 
further purification. 
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To a 0° C. solution of (087) and (074) (166 mg, 0.354 
mmol), HOBT (54 mg., 0.354 mmol) and HBTU (134 mg. 
0.354 mmol) in tetrahydrofuran (20 mL) was added N.N- 
diisopropylethylamine (0.2 mL, 1.18 mmol). The mixture 
was stirred 0°C. overnight and became homogenous. It was 
then diluted with ethyl acetate (20 mL) and washed with 
saturated aqueous sodium bicarbonate (2x10 mL) and brine 
(10 mL). The organic layers were dried over sodium sulfate 
and filtered through Celite-545 and concentrated under 
reduced pressure and the residue was purified by HPLC 
(aqueous ammonium acetate and acetonitrile) to provide 
(088) (10 mg) as characterized by LC/MS (LCRS (MH) m/z: 
517.69); >80% proteasome CT-L inhibition at 20 mg/kg PO. 
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Compound (091): 
To a 0° C. solution of (090) and (074) (110 mg, 0.336 

mmol), HOBT (51 mg, 0.336 mmol) and HBTU (127 mg, 
0.336 mmol) in tetrahydrofuran (20 mL) was added N.N- 
diisopropylethylamine (0.2 mL, 1.18 mmol). The mixture 
was stirred 0°C. overnight and became homogenous. It was 
then diluted with ethyl acetate (20 mL) and washed with 
saturated aqueous sodium bicarbonate (2x10 mL) and brine 
(10 mL). The organic layers were dried over sodium sulfate, 
filtered through Celite-545, and concentrated under reduced 
pressure. The residue was then purified by HPLC (aqueous 
ammonium acetate and acetonitrile) to provide (091) (60 mg) 
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which was characterized by LC/MS (LCRS (MH) m/z. 
535.69); >80% proteasome CT-L inhibition at 20 mg/kg PO. 
Biological Activity 
Compounds were formulated in 10% PS80/NaCitrate (pH 

3) vehicle and administered to mice orally (PO) (3 animals/ 
cohort). One hour post-dosing, the animals were sacrificed 
and the following tissues harvested: blood, brain, adrenal 
gland, heart and liver. Whole blood (~200 ul) was washed 
twice with PBS and lysed by hypotonic shock (300 ul, 50 mM 
Tris pH 8.5 mM EDTA). Blood lysates were stored at -80° C. 
until assayed. Blood lysates were clarified by centrifugation 
in a microcentrifuge. The CT-L specific activity of protea 
Some in each lysate was evaluated by determining: a) the 
protein concentration by modified Bradford assay with 
bovine gamma globulin as a standard; and b) the rate of 
cleavage of the fluorogenic proteasome substrate LLVY 
AMC. The percent proteasome activity for the analog-treated 
animals was calculated by dividing of the average specific 
activity for each analog-dosed cohort by the average specific 
activity of the vehicle-dosed cohort. Percent proteasome inhi 
bition was calculated by Subtracting percent proteasome 
activity from 100. 

EQUIVALENTS 

Those skilled in the art will recognize, or be able to ascer 
tain using no more than routine experimentation, numerous 
equivalents to the compounds and methods of use thereof 
described herein. Such equivalents are considered to be 
within the scope of this invention and are covered by the 
following claims. 

All of the above-cited references and publications are 
hereby incorporated by reference. 

The invention claimed is: 
1. A method for the treatment of a heme-related malig 

nancy in a patient, comprising administering to the patient a 
therapeutically effective amount of a pharmaceutical compo 
sition comprising a compound having a structure of formula 
(I): 

(I) 
RI R6 O R3 

or a pharmaceutically acceptable salt thereof 
wherein 
L is selected from C=O and C=S: 
X is selected from O, S, NH, and N C-alkyl; 
Z is absent, Ce alkyl, or Calkoxy; 
R. R. and Rare each independently selected from hydro 

gen, C-alkyl, Coalkenyl, C-alkynyl, C-hydroxy 
alkyl, C. alkoxyalkyl, aryl, C. aralkyl, heteroaryl, 
heterocyclyl, C. heterocycloalkyl, C. heteroaralkyl, 
carbocyclyl, and C. carbocyclolalkyl; 

R" is selected from hydrogen, Caralkyl, and C. alkyl; 
R is selected from the group consisting of isoxazole, 

isothiazole, furan, thiophene, oxazole, thiazole, pyra 
Zole, and imidazole; and 

Rand R7 are independently selected from hydrogen, C. 
alkyl, and Caralkyl and a pharmaceutically accept 
able diluent or carrier; 

a steroid; and 
an immunotherapeutic agent. 
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2. The method of claim 1, wherein the steroid is selected 

from the group consisting of 21-acetoxypregnenolone, 
alclometaSone, algestone, amcinonide, beclomethasone, 
betamethasone, budesonide, chloroprednisone, clobetasol, 
clocortolone, cloprednol, corticosterone, cortisone, cortiva 
Zol, deflazacort, desonide, desoximetaSone, dexamethasone, 
diflorasone, ditlucortolone, difuprednate, enoXolone, fluaza 
cort, flucloronide, flumethasone, flunisolide, fluocinolone 
acetonide, fluocinonide, fluocortin butyl, fluocortolone, fluo 
rometholone, fluperolone acetate, fluprednidene acetate, flu 
prednisolone, flurandrenolide, fluticaSone propionate, fonno 
cortal, halcinonide, halobetasol propionate, halometaSone, 
hydrocortisone, loteprednol etabonate, maZipredone, 
medrysone, meprednisone, methylprednisolone, mometa 
Sone furoate, paramethasone, prednicarbate, prednisolone, 
prednisolone 25-diethylaminoacetate, prednisolone sodium 
phosphate, prednisone, prednival, prednylidene, rimexolone, 
tiXocortol, triamcinolone, triamcinolone acetonide, triamci 
nolone benetonide, triamcinolone hexacetonide, and salts 
thereof. 

3. The method of claim 2, wherein the steroid is dexam 
ethasone. 

4. The method of claim 1, wherein the immunotherapeutic 
agent is selected from the group consisting of MDR modula 
tors, rapamycin, mycophenylate mofetil, cyclophosomide, 
cyclosporine, thalidomide, and monoclonal antibodies. 

5. The method of claim 1, wherein Z is absent. 
6. The method of claim 1, wherein R. R. and R7 are 

independently selected from hydrogen and methyl. 
7. The method of claim 1, wherein L is C—O. 
8. The method of claim 1, wherein R', R, and R are 

independently selected from hydrogen, Calkyl, Calk 
enyl, Calkynyl, C. hydroxyalkyl, Calkoxyalkyl, C. 
aralkyl, Cheterocycloalkyl, Cheteroaralkyl, and C. 
carbocyclolalkyl. 

9. The method of claim8, wherein any of R', R, and Rare 
independently C. alkyl. 

10. The method of claim 9, wherein any of R', R, and R 
are independently selected from methyl, ethyl, propyl, iso 
propyl, butyl, Sec-butyl, and isobutyl. 

11. The method of claim 8, wherein any of R', R, and R 
are independently propargyl. 

12. The method of claim 8, wherein any of R', R, and R 
are independently Chydroxyalkyl. 

13. The method of claim 12, wherein any of R', R, and R' 
are independently selected from hydroxymethyl and 
hydroxyethyl. 

14. The method of claim8, wherein any of R', R, and R' 
are independently Calkoxyalkyl. 

15. The method of claim 14, wherein any of R', R, and R 
are independently selected from methoxymethyl and meth 
oxyethyl. 

16. The method of claim 8, wherein any of R', R, and R 
are independently Cheteroaralkyl. 

17. The method of claim 16, wherein any of R', R, and R 
are independently selected from imidazolylmethyl, pyra 
Zolylmethyl, and thiazolylmethyl, and pyridylmethyl. 

18. The method of claim 8, wherein any of R', R, and R 
are independently cyclohexylmethyl. 

19. The method of claim 1, wherein R', R, and Rare all 
different. 

20. The method of claim 1, wherein at least one of R' and 
R is selected from Chydroxyalkyl and Calkoxyalkyl. 

21. The method of claim 20, wherein at least one of R' and 
R’ is C, alkoxyalkyl. 

22. The method of claim 21, wherein at least one of R' and 
R’ is selected from methoxymethyl and methoxyethyl. 
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23. The method of claim 22, wherein R is selected from 
C. alkyl and Caralkyl. 

24. The method of claim 23, wherein R is C, alkyl. 
25. The method of claim 24, wherein R is selected from 

methyl, ethyl, isopropyl. Sec-butyl, and isobutyl. 
26. The method of claim 25, wherein R is isobutyl. 
27. The method of claim 23, wherein R is Caralkyl. 
28. The method of claim 27, wherein R is phenylmethyl. 
29. The method of claim 1, wherein R is selected from 

isoxazole, furan, or thiophene. 
30. The method of claim 29, wherein R is furan or 

thiophene. 
31. The method of claim 2, wherein R is thiazole. 
32. The method of claim 1, wherein the compound is 

selected from: 
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or a pharmaceutically acceptable salt thereof. 
33. The method of claim 1, wherein the pharmaceutical 

composition is orally bioavailable. 
34. The method of claim 1, wherein the heme-related 

malignancy is multiple myeloma. 
35. A method for treating a heme-related malignancy in a 

patient comprising administering to the patient a pharmaceu 
tical composition comprising a compound having the struc 
ture: 
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or a pharmaceutically acceptable salt thereof, and a phar 
maceutically acceptable diluent or carrier, 

a steroid; and 
an immunotherapeutic agent. 
36. The method of claim35, wherein the steroid is selected 

from the group consisting of 21-acetoxypregnenolone, 
alclometasone, algestone, amcinonide, beclomethasone, 
betamethasone, budesonide, chloroprednisone, clobetasol, 
clocortolone, cloprednol, corticosterone, cortisone, cortiva 
Zol, deflazacort, desonide, desoximetasone, dexamethasone, 
diflorasone, ditlucortolone, difuprednate, enoXolone, fluaza 

10 

15 

84 
cort, flucloronide, flumethasone, flunisolide, fluocinolone 
acetonide, fluocinonide, fluocortin butyl, fluocortolone, fluo 
rometholone, fluperolone acetate, fluprednidene acetate, flu 
prednisolone, flurandrenolide, fluticaSone propionate, fonno 
cortal, halcinonide, halobetasol propionate, halometaSone, 
hydrocortisone, loteprednol etabonate, maZipredone, 
medrysone, meprednisone, methylprednisolone, mometa 
Sone furoate, paramethasone, prednicarbate, prednisolone, 
prednisolone 25-diethylaminoacetate, prednisolone sodium 
phosphate, prednisone, prednival, prednylidene, rimexolone, 
tiXocortol, triamcinolone, triamcinolone acetonide, triamci 
nolone benetonide, triamcinolone hexacetonide, and salts 
thereof. 

37. The method of claim 36, wherein the steroid is dexam 
ethasone. 

38. The method of claim35, wherein the immunotherapeu 
tic agent is selected from the group consisting of MDR modu 
lators, rapamycin, mycophenylate mofetil, cyclophosomide, 
cyclosporine, thalidomide, and monoclonal antibodies. 

39. The method of claim 35, wherein the pharmaceutical 
composition is orally bioavailable. 

40. The method of claim 35, wherein the heme-related 
malignancy is multiple myeloma. 
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